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We find Davy at the beginning of the present cen- 
tury pointing out iu hia " Essays on Heat, Light, 
and the Combinations of Light " that " bodies exist 
in different states, and these states depend on the 
differences of the action of the attraction and of the 
repulsive power on their corpuscles." Also that 
" when the attraction predominates over the repnl 
give motion, the body exists in the state of solidity 
. . . When the attraction and repolsion aro in eqni- 
librio the body exists in the state of fluidity. . . 
And when the repulsive motion predominates over 
the attraction the body exists in the state of gazity.' 

In his "Chemical Philosophy," we find him stating, 
at p. 80, that "heat or the power of repulsion may 
be considered as the antagonist power to the attrac- 
tion of cohesion, the one tending to separate, the 
other to unite the parts of bodies ; and the forms of 
bodies depend upon their respective agencies." 

At p. 69 he states that " foi- anything we know to 



Preface. 

the contrary, gravitation and cohesion may be mere 
modlEcations of the same general power of attrac- 
tion, ia the one case acting at distances that can 
easily be measured, and in the other case operating 
at distances which it is dilGcnlt to estimate." 

Again, at p. 57, he says that " the laws of crystal- 
lization, of definite proportion, and of the electric 
polarities of bodies seem intimately related ; and the 
complete illustration of their connexion probably will 
constitute the mature age of chemistry." 

At p. 178 we find him noticing that in the 
Electric Light platinum melted more readily at the 
positive than at the negative pole, and that there 
was a difference in appeai'aiice between the carbon 
point at the positive, and that at the negative pole. 

Also about the same time we find Dalton pointing 
out in his " New System of Chemical Philosophy," 
that " all bodies of sensible magnitude, whether 
liquid or solid, are constituted of a vast number of 
extremely small particles or atoms of matter boand 
together by a force of attraction .... besides the 
force of attraction .... we find another force that 
is likewise universal, or acts upon ail matter which 
comes under onr cognizance, namely, a force of 
repulsion .... ascribed to the agency of heat." 

And at p. I'H he speaks of the " great antagonist 
powers of attraction and repulsion." 

Now Davy thought that Light was a body, and 
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■fts aacli couM enter into chemical combination witli 
oxygen, and form a compound of light and oxygen, 
to which he gave the name of Phosoxygen. 

AndDalton thought that heat was a "subtle fluid." 

And HO thinkingj neither Davy nor Dalton could 
get any farther. 

But what I wish now to point out is how very 
little, in spite of all our advantages, we have advanced 
teyond the point reached by Davy and Dalton incur 
knowledge of the relations subsisting between force 
and matterj or of the nature of the action by< which 
time after time crystals are formed with the greatest 
precision, or of the nature of the Electric Light, or 
of that of an electric current. That the case is so, 
see Prof. Tyndall still explaining the formation of 
crystals, by polar forces (Tyndall " On Light," 
p. 101), or in precisely the same way in which Davy 
endeavoured to explain it. Or listen to Dr. Spottis- 
woode. President of the Eoyal Society, in a lecture 
before the British Association at York, on the 
5th September, 1881, stating that "We know, it is 
true, how to produce electricity or electrical action 
as well as how to transmit it, by means of wires 
to a distance .... But we know neither what elec- 
tricity really is, nor the process whereby it is trans- 
mitted."— ifa (we, Oct. 6, 1881, p. 546. 

I am going to try and show that if with our 
present advantages we are content to go back once 
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more to the source, and go over tlie coorae again, 
verifying Davy's work and narrowly examining the 
whole of the channel, we shall find that not only 
wftS Davy right in his statement that heat or the 
power of repulsion is the antagonist power to the 
attraction of cohesion ; but right also in his conjec- 
ture that gravitation and cohesion are mere modifica- 
tions of the same general power of attraction. And 
then with the help of Newton's discoveries that 
gravity operates between the heavenly bodies as well 
as upon the earth ; and that for every action there 
is always an equal and contrary reaction ; and with 
the help of the numerons other discoveries since 
made, looking to the principles which underlie the 
laws which have been established in the various 
branches of natural science rather than to the mere 
letter, we shall find a little in advance of the point 
where Davy stopped, another channel, which, in 
our eagerness to push forward, we before over- 
looked, and which indeed is the main channel leading 
straight to the great ocean of truth ; where we shall 
be able to push out in any direction we may 
choose; and where we shall be able not only to 
understand the way in which a crystal is formed, and 
the nature of the Electric Light or of an electric 
current, but shall be able also to look into the mys- 
teries of the great question of Life which concerns 
us all so closely. 
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I havfl referred at paragrapt 103 to the principle 
of the Lever, but have oiDitted to discuss the other 
mechanical principlos, which do not bear directly 
upon the general question. I might, howeverj with 
advantage have pointed out that the fact that with 
Gravity, Light, Heat, and Electrical and Magnetic 
force the intensity diminishes as the square of the 
distance indicates very clearly in all a centripetal 
or centrifugal action ; as ia admirably shown in the 
case of Light, in Mdler'a " Chemistry," part i., p. 
166, by taking the case of a luminous point emitting 
continuously a steady light, and supposing it to be 
placed successively at the centres of several hollow 
spheres of different diameter. When, it wUl be 
apparent that though the inner surfaces of the spheres 
all receive absolutely the same quantity of light, 
that quantity of light is, since the surfaces of spheres 
are to each other as the eqnares of their radii, 
distributed over four times as large an area when 
the diameter of the sphere is four feet, as it ia 
when the diameter of the sphere is only two feet, and 
therefore that the intensity at every point on the 
inner surface of the sphere four feet in diameter, can 
only be one-fourth of the intensity at every point on 
the inner surface of the sphere two feet in diameter. 
At the same time it will be apparent that the lumi- 
nous point which is one foot distant from every 
point of the inner surface in a sphere two feet in 
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diaimeter, is only two feet, or twice as far away from 
every point of the inner surface of a sphere four feet 
in diameter. 

In connexion with the chapter on Physiology it 
may be well to notice that Aristotle held (see Grote's 
"Ariatotlej" p. 463) that in addition to minor 
varieties, there were two groat varieties of soul in 
contradistinction to matter, viz. the Nutritive soul, 
common to plants and animals alike, and the primary 
cause of digestion and nutrition, and the Sentient 
aoul, communicated by the male parent in the act of 
generation, and confined solely to animals. Also 
that (p. 476) he considered memory to bo " a move- 
ment proceeding from the centres and organs 
of sense to the soul, and stamping an impression 
thereupon ; whilst reminiscence is a counter-move- 
ment proceeding from the Bonl to the organs of 



In regard to the explanation in the concluding 
Chapter, it is necessary to poiut out that the general 
idea therein developed originated with Sir Isaac 
Newton, whom we find stating in his third letter to 
Dr. Bentley, that " gravity must he caused by an 
a^etd acting constantly according to certain laws ; 
but whether this a^eni be material or immaterial I 
have left to the consideration of my readers;" after 
having in his second letter stated that " the 
Motions which the Planets now have could not 
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spring from any natural cause alone, but were im- 
pressed by an intelligent agent'* In his fourth 
letter he says explicitly that in his opinion this 
intelligent agent is a Divine agent. The same idea 
we find adopted by Sir J. Herschel, who says, in 
" Outlines of Astronomy,^' that it is but reasonable 
to regard gravity '' as the direct or indirect result of 
a consciousness and a will existing somewhere.^' 

In conclusion, I would add that I have endeavoured 
to work out the whole argument by experiment, 
avoiding all technicalities, and advancing step by 
step from first principles in such a way that the 
whole statement may be intelligible to the non- 
scientific reader. 

I am fully conscious of the clumsiness of the 
arrangement in many parts, and of much in it that 
is defective, and of much that could be improved ; 
but the two years^ furlough which gave me leisure to 
put this statement, sketched out before in pamphlet 
form in India, into a practical shape, have now ex- 
pired, and I can devote no more time for the 
present to the work, and must therefore leave it, 
being convinced that in spite of all its defects, it 
presents a complete chain connecting all branches 
of Natural Science, and one which, though some of 
its links may have to be replaced or strengthened, 
will stand the tests of time and rough usage. 

October 23, 1882. 
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CHAPTER I. 

INTRODUCTION. 

There is everywiiere about us evidence of the pre- 
sence and action of a dominant attractive, or rather 
compulsive, force pervading all space. We find, for 
example, in the heavens, that the planets, in a won- 
derful way, are prevented from straying away into 
space, and compelled to move, in closed orbits, 
round the sun, by the action of a centripetal attrac- 
tive force emanating from the sun ; and that the 
moons or satellites are, in the same way, coerced by 
the planets. 

Whilst, on the earth, we find that the different 
masses of rock, clay, sand, water, air, &c., of which 
the earth is made up, are all held together and com- 
pelled to keep their proper positions by the action 
of an attractive force which we call gravity. 

fl B 



2 LiglU Ike Dominant Force 

Then, from the sciences of chemistry and physics 
we learn that the masaea ahout ua of roct, clay, 
Band, water, air, &c., and everything in them, whe- 
ther animate or inanimate, cognizable by our senses, 
are none of them continuona masses ; but every one 
of them consists of an aggregation of exceedingly 
minnte separate bodies or parfcicles, of one or more 
out of some sixty or seventy different kinds, arranged 
i^ingly if the mass consists of elementary substances 
(i.e. substances composed entirely of particles of one 
kind), or in groups if the mass is made up of com- 
pound snb stances (i.e. substances composed of 
jiarticles of more than one kind, combined together 
in groups, in such a way, that, in the same substance, 
each group contains the same number of particles 
and the same proportion of each of the several kinds 
of particles in the substance, arranged in the same 
way, as every other group in that substance con- 
tains). Also we learn that, in soch of these masses 
as are solids, the particles or groups of particles 
of which each mass is made up, are bound together, 
particle to particle or group to group, by cohesive 
force. And further, we learn that, in compound 
substances, the particles in each of the groups of par- 
ticles of which the substances are made up, are 
bound together particle to particle so firmly, by 
chemical force, that they do not separate, oven when 
the groups are separated from each other and dis- 
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persed hitlier and thither by the conversion o£ tlie 
suljstaocea from the aolici into the gaseoua state. 

The science of electricity, too, teaches na that by 
operating in different ways — with magnets, batteries, 
or electric machines — upon the substances of which 
the masses of matter on the earth are made up, bo as 
to effect changes in the arrangement of the particles, 
or in the way they are combined together, or in the 
forces by whioli the particles are held together, in 
those masses, it is possible to disengage from the 
masses force currents manifesting, in a marked 
degree, the action of attractive force. 

2. On the other hand, there is, to a similar extent, 
everywhere about us, evidence of the presence and 
action of a repulsive force pervading all space and 
everywhere resisting and opposing, though every- 
where held in subjection by the dominant compul- 
sive force. 

Por we find, in the heavens, that both the planets 
and the satellites, under the influence of a centri- 
fugal repulsive force, ceaselessly strive to escape 
from the thraldom of the centripetal attractive force 
by which they are held, and to disperse in space. 

Whilst, on the earth, the particles of which, as we 
have seen, every mass of matter is made up, aro 
kept apart, particle from particle and group from 
group, by an expansive force ; so that every mass 
of matter, whether in the solid, liquid, or j 
B 2 
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state, is atle to offer, to a greater or leas extent, 
resistance to the action of any force tending to 
compress it, or to drive its particles closer together 
Also, nnder the action of heat, mountains are some- 
times sbakea, or upheaved by earthquakes, streams 
of molten lava are poured forth from volcanoes, the 
surface water of seas is evaporated and raised high 
into the air to form clouds, solids are expanded 
and converted into liquids, and liquids into gases, 
and even the close association of particles, in the 
groups of particles of whicb compound substances 
are made up, is put an end to. 

Further, the currents, which, as we have seen, the 
electrician is able to disengage from masses of matter, 
manifest, under certain circumstances, a repulsive 
as well as an attractive action. 

3, The aim, then, herein will be by investigating 
the modes of actionandof transference of the forces, 
which we thus recognize as acting in the universe, to 
show, in the first place, that the chemical force by 
which particles are collected and bound together to 
form the groups of particles of which compound 
substances are made up, is both the same force as 
the cohesive force by which particles, or groups of 
particles, are collected and bound together to form 
crystals, or solid masses of other forms ; and also 
the same force as that of gravity, by which masses 
of matter are coUected and bound together to form 
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tlie liGaven!y bodies ; the difference in each case being 
one of degree only, due to the action taking effect 
at a shorter or at a greater distance, and not one of 
kind. Also that the process by which particles are 
brought together and arranged in regular order in 
the formation of one of the groups of particles of 
which compound substances are made up, is a 
representation, on a small scale, of the process by 
which groups of particles are brought together and 
arranged in order in the formation of any one of 
the many beantifully regular crystalline forms with 
which we are acquainted ; and also, and even in a 
still more exact way, is a representation in minia- 
ture of the process by which masses of matter were 
once brought together and arranged in order in the 
formation of the heavenly bodies. And thns, in 
fact, to show that there is acting throughout the 
nniverse a single dominant compulsive force, which 
holding, so to speak, in its grasp each particle, each 
mass of matter, and each of the heavenly bodies, 
and able, when it receives accessions of strength, to 
tighten its grasp upon particle, mass, or body, and 
at any time to use any particle, mass, or body in its 
grasp, as a centre from which to act upon other 
particles, masses, or bodies, draws the particles toge- 
thei* into groups, the groups into masses, the masses 
into heavenly bodies, and the heavenly bodies them- 
selves about the source or the centres from which it 
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emanates or acts j thus connecting all together, and 
introducing everywhere law and order. 

Similarly, to show in tho same way that, whether 
known to us under the name of Centrifugal force, 
or of Heat, or of Positive Electricity, there ia 
acting throughout the universe, side by side with 
this dominant compulsive force, a single repulsive 
force, which attaching itself to each particle, each 
mass of matter, and each of the heavenly bodies, and 
able when it receives accessiona of strength to act 
with increased effort upon particle, mass, or body, 
and able also at any time to make use of any particle, 
mas8, or body to which it has attached itself as a 
centre from which to act upon contiguous particles, 
masses, or bodies, constantly opposes and resists the 
action of the dominant compulsive force, and strives 
to drive the heavenly bodies far away from the Bonrce 
or centres about which they have been collected by 
compulsive force, to separate and scatter in every 
direction both the masses of matter of which the 
heavenly bodies are made up, and the particles of 
which the masBes of matter are made up, and gene- 
rally to wrench the bodies, masses, and particles from 
the grasp of the dominant compulsive force. 

Thus a constant struggle goes on between the re- 
pulsive force and the dominant compulsive force, as 
the one force or the other receives accessions of 
strength, or whenever particles, masses, or bodies 
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specially favour the action of one of the forces in par- 
ticular. But though the repiilsive force sometimes so 
far succeeds in its opposition to the compulsive force, 
as to be able to break up masses ofmatter, and scatter 
the particles of which those masses are made np, it is 
never able absolutely to detach from the particles the 
hold of the compulsive force. Neither, on the other 
hand, ia the dominant compulsive force ever able abso- 
lutely to oust the repulsive force from its hold upon 
any particle. But the two forces act everywhere side 
by aide on every particle, mass, or body, sometimes 
with greater and sometimes with less effect, with the 
reaalt of introducing everywhere symmetry, and at 
the same time infinite variety. 

4. In the second place an endeavour will be made 
to show tliflt it is to the struggle which on every 
side goes on between the two forces of compulsion 
and repulsion, by which the efforts of the one force 
or the other to tighten its hold on some particle, 
mass, or body, are made good with the effect of dis- 
lodging a portion of the other force, or are repelled or 
reflected ; and to the varying turns the fight takes 
as force dislodged or reflected from one aide rein- 
forces the direct action of that force on some other 
side, and acting thus, on that side with concentrated 
effort, dislodges in its turn a corresponding portion 
of the other force, that all the changes which go on 
around ub, and all power o£ doing or suffering, and 
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all BensationS] and amoiigat others those of light and 
heat, are dae. 

5, The idea, then, in regard to light and heat, 
which will be presented for adoption, is that, on the 
one hand, the eensation of light is produced by the 
direct compulsive or dragging action npon the retina 
and optic nerve of the eye of impulses or efforts of 
compulsive force, tending to tighten the grasp of 
compulsive force apon'the eye. 

Whilst the sensation of heat, on the other hand, 
is produced by the direct repulsive or expansive 
action upon the sensor nerves scattered over the body 
of impulses of repulsive force. 

In this way light will be shown to be directly con- 
nected with the dominant compulsive force acting 
throughout the universe, whilst heat will be shown 
to be directly connected with the repulsive force 
which throughout the uuiverse acts iu opposition to 
the dominant compulsive force. 

6. We have seen that compulsive force holds in 
its grasp and connects together every particle, every 
mass of matter, and every one of the heavenly bodies 
in the universe, and that impulses of compulsive 
force are propagated from particle to particle ; and 
yet that compulsive force is. so stoutly resisted, and 
BO closely beset at every particle by repulsive force, 
that no impulse or accession of compulfiive force can 
pass from one particle to another without displacing 
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to an extent proportionate to tte strength of the 
impulse, repulsive force. Henco, in passing through 
any mass of matter an impulse of compulsive force 
must not only force for itself a passage at every par- 
ticle by displacing repulsive force, hut it must also 
deviate from a straight path at every particle in 
order to get round the obstacle which an interval 
occupied by repulsive force offers, even when a suffi- 
cient amount of repulsive force to give passage to 
the impulse has been displaced, to the direct or 
straight passage of an impulse of compulsive force 
from particle to particle. Thus, although the general 
direction in which an impulse of compulsive force 
travola through any mass of matter may be straight, 
the path of the impulse must always be a wavy 
one ; and, besides, since an impulse can only travel 
when it ia in sufficient strength to force a passage, 
the movement by which an impulse ia propagated 
must often be a spasmodic or intermittent one. 

Hence the impulses of compulsive force, which 
produce in the eye the sensation of light must 
always travel to the eye by a wave motion, whether 
minor waves are compounded together to form 
larger undulations or no. 

For a hke reason impulses of repulsive force must 
travel by a wave motion. 

7. With this view in regard to the nature of bght, 
it is seen that light is propagated by an emission as 
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Sir Isaac Newton taught; though it ia propagated 
by an emission of force impulses and not by one of 
minute projectiles, as Newton thought, 

It is also seen that light, as the advocates of the 
undulatory theory say, is propagated by uadiilations, 
though it is propagated by an undulatory movement 
in an everywhere active force medinm, and not, as 
the advocates of the undulatory theory say, by tho 
impact of undulations set up in a luminiferous ether, 
a medium invented for the purpose of transmitting 
undulations, and useless for any other; one too 
unrecognized by chemistry, and considered, as Pro- 
fessor Tyndall tells us in hia book on Light, p. 49, 
by Sir David Brewster as a contrivance too clamsy 
for the Creator to bo gnilty of it, 

8. We purpose, thou, first to proceed to the con- 
sideration of the nature, action, and distribution of 
force in general, and afterwards to consider force 
separately in its relation to the sciences of chemistry, 
electricity, physics, physiology, &c., and hope to 
be able to show first that force when considered 
generally naturally differentiates into force of two 
kinds, which in the absence of better names we may 
call compulsive and repulsive force, of which the 
function of the one kind is to attract and that of the 
other to repel ; though except in the oppositenesa of 
their aim or action the two kinds are in all respects 
absolutely alike ; just as the soldiers of two contend- 
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ing armies may be, except in the oppositeness of 
their aim, and that the one strive to compel and the 
others to repel, in all respects absolutely alike. 
We shall hope to show secondly in a review of some 
few of the facts taught by chemistry, not only more 
fully the existence and action of these two kinds of 
force, bub also that the development of force of one 
or other or both of these two kinds is attended 
with emissions either of light or of heat or of both 
light and heat together. We shall then, in the third 
place, hope in the study of some of the facts demon- 
strated by electricity completely to establish a rela- 
tion between light and compulsive force, and heat 
and repulsive force. Lastly, after showing that the 
physical properties of light and heat testify to the 
truth of this view, we hope, in a brief examination 
of a few of the facts which physiology reveals, to 
show how the oppositeness of the action of light 
and heat is turned to account in the development of 
living plants and animals, and in the supply of 
their many wants. 
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CHAPTER II. 

FORCE. 

9. The sciences of chemistry and physics teach 
us^ as we have abeady seen^ that matter is not^ as it 
sometimes appears to be, continuous throughout ; but 
that every mass of matter, whether in the solid, 
liquid, or gaseous state, is an aggregation of a 
number of exceedingly minute bodies or separate 
particles of one or more of some sixty or seventy 
different kinds. Chemistry further shows that all 
particles of the same kind are of the same weight, 
though particles of one kind differ more or less in 
weight, from particles of every other kind. Thus 
for example a hydrogen particle is of the same 
weight as every other hydrogen particle wherever 
found; but a hydrogen differs in weight from an 
oxygen particle, or from a particle of any other 
kind. So too an iron particle is of the same weight 
as every other iron particle ; but, at the same time, 
an iron particle differs in weight from a carbon 
particle, or from a particle of any other kind. 
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It is not, however, to be suppoHed tliat the 
actual weight of a single particle of any kind ia 
known. Particles are far too uiinuto objects to be 
distingaiBlied by the eye, even when aided by the 
most powerfnl microacopes known to us, hence it is 
quite impossiblfi to separate and weigh single par- 
ticles. The proportion, however, which the weight 
of a particle of any kind bears to the weight of a 
particle of hydrogen can, as we shall see hereafter, 
be ascertained, and from this, the fact that all par- 
ticles of the same kiud have the same weight can he 
demonstrated. 

10. Haviugthus learnt that matter, in all its forms, 
is made up of aggregations of particles, which, when 
of the same kiud, are all of the same weight, though 
particles of one kind differ in weight from particles 
of every other kind, we have now to show that every 
one of the particles of which matter is composed is 
in the grasp, so to speak, of two forces, one of com- 
pulsion and the other of repulsion, and that by the 
force of compulsion the particles are drawn together 
into groups or masses, and held together when they 
are grouped or massed, and by the force of repulsion 
the particles are at the same time kept apart particle 
from particle. 

1 1 . If then we procure a number of short straight 
bare, square in cross section and with square ends, 
of one of the elementary substances, such, for 
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example, as iron, taking care that the metal in the 
bars is perfectly pure, and that the bars are all 
thronghoot uniformly of the same density, of the 
same length, and of the same breadth and thick- 
ness, and therefore of the same volume, and of the 
same weight, one as another ; and, borrowing from 
an engineer a machine for testing the tensile and com- 
pressive strength of materials indicating exactly 
the amount of the load or force by which any solid 
body under examination is at the time strained ; also 
instruments for measuring accurately the dimensions 
of solids, and for ascertaining the weight of any 
solid body ; and from an electrician a thermo-electric 
pile with a galvanometer attached for the purpose of 
aacertaining temperature, proceed to examine the 
bars of iron : we shall find, if we take one of the 
bars and, after securing one end of it in the machine, 
apply a load or rending force to the other end of 
the bar tending to tear the bar across, that so long 
as the load or force is not very great the bar will 
Bueeeasfully resist its action; bat if, however, the 
load orforce applied to the bar is continually increased 
the bar will be continually lengthened, and after a 
time will give way and be toi'u across. 

If now we take two of the bars together, instead 
of a single bar, we shall find, making allowance for 
the roughness of all practical testa of this sort, 
that twice as great a load or force as will suffice to 
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break a single bar will bo required to break two bars 
together. Similarly if we take three bars together, 
we shall find that three times as large a load or force 
as will suffice to break a single bar will be required 
to break three bars together; also four times as 
large a force as will suffice to break a single bar 
will be required to break four bars together, and 
soon. 

Or if, on the other hand, we take one of the bars 
and instead of patting it under a tensile strain, put 
it under a compressive strain by applying, after one 
end of the bar has been aecnrod, to the other end a 
toad or compressive force tending to crush the 
bar ; we shall find, if we note the load or force 
required to crush a single bar, and make allowance 
as before for the roughness of practical tests of this 
sort, on testing two bars together in the same 
way as the single bar was tested, that twice as large 
a load or compressive force as will suffice to crush 
the single bar will be required to crash two bars 
together. Similarly we shall find that three times 
the load or force that will saffice to crush a single 
bar will be required to crush three bars together ; 
and four times the load, or force, that will suffice to 
crush a single bar, will be required to crush four 
bars together, and so on. 

But since the bars are all of the same weight, and 
theoretically may all be assumed to be precisely of 
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tlie same weight, and since all are made of the same 
elementary substance, which may theoretically be 
asBumed. to be in a perfectly pure state ; since also 
all particles of an elementary substance are of the 
same tind, and are therefore, as we have already 
seen, all of precisely the same weiglit : it follows that 
all the hars may be assumed theoretically to be made 
up of precisely the same number of particles one as 
another. 

Again, since each of the bars may be assumed 
theoretically to be, throughout its entire length, 
everywhere of the same uniform density, and every- 
where of the same uniform breadth and thickness, 
also everywhere throughout its breadth or thickness 
of the same uniform length; and since this perfect 
uniformity in the bars is clearly impossible unless 
the particles of which the bars are made up all 
have the same volume one as another, and unless in 
all the particles the length of the particle is the same 
as its breadth or thickness, also unless the particles 
are all symmetrically arranged : it is plain that 
each of the bars may be theoretically assumed to be 
made up of a number of rows of single particles, 
in which theparticlea are joined togetherend to end, 
thus making np a number of rows of particles of 
the same length as the bar arranged side by side 
in the bar, much iu the same way as pieces of 
thread are arranged side by side in a hank of 
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thread, except that the rows of particles, instead of 
being as loose as the pieces of thread in a hank of 
thread, are cemented together side by side, thus 
making up a compact whole bar. For if proper 

' appliances for dividing up a bar without either 
straining the metal or causing waste were available ; 
and if, at the same time, our powers of perception 

* and of manipulation were extended so far as to enable 
us to distinguish and divide between single par- 
ticles, it is plain that a bar of uniform density 
throughout, made up of particles each having its 
length the same as its breadth and thickness, and 
all being of the same volume, and being symmetri- 
cally disposed so as to make up a bar square in cross 
section, with breadth and thickness perfectly uniform 
throughout its length, and with square ends and 
length perfectly uniform throughout its breadth and 
thickness, could be divided up longitudinally by a 
series of cuts parallel to one of the sides of the bar 
into a number of slices each of the full length and 
width of the bar, and each of the thickness of a single 
particle ; and that then all of these slices would be 
precisely similar to each other, being of the same 
uniform density, length, breadth and thickness, and 
of the same weight, and all containing the same 
number of particles. And it is also clear that each 
of the slices could then be further divided up by a 
series of cuts parallel to one of the edges of the slice 

c 
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into a number of rows of single particles of the full 
length of the bar, with the same number of particles 
ID each row. And thus the bar would be divided up 
into a number of bars, each consisting of a single 
row of particles. 

Since all the bars are uniformly throaghont of 
the same length, breadth, and thicknesB, it ia 
clear that they may all be looked npon as contaic- 
ing the same number of rows of particles one 
aa another. Hence two bars will contain twice as 
many rows of particles as a singlo bar contains. 
Also three bars will contain three times as many rows 
of particles, and four bars four times as many rows of 
particles aa a single bar contains. But we have seen 
that to break two bars together, whether by rending 
or crushing, requires twice as large a load or force 
as that which will suffice to break a single bar. 
Similarly, to brenk three bars together requires 
tliree times as large a load or force, and to break 
four bars together requires four times as large a load 
or force as that which will suffice to break a single 
bar. Hence, wemay say, that if a single bar contain- 
ing any number of rows of particles requires a certain 
load or force to break it by rending, and a certain 
load or force to break it by crushing, then to break 
twice that number of rows of particles by rending 
will require twice the load or force which sufficed to 
break by rending the smaller number of rows, or by 
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crushing twice the force which sufficed to break by 
crushing the smaller number of rows of particles. 
Similarly, to break three times that number of rows 
of particles by rending will require three times the . 
load or force which sufficed to break by rending the 
original bar, or by crushing three times the load or 
force which sufficed to break by crushing the original 
bar. Also, to break four times that number of rows 
of particles by rending, will require four times the 
force which sufficed to break by rending the original 
bar, or by crushing four times the force which 
sufficed to break by crushing the original bar. 
Hence we may conclude that when any one of the 
bars is loaded or strained by a load or force tending 
either to tear, or to crush it, each row of particles in 
the bar offers an equal amount of resistance to the 
action of the load or force. And further, that if it 
were possible to obtain and test a bar made up of a 
single row of particles, then such a bar would be able 
to resist the action of a rending load or force tending 
to tear its particles apart half as large as the rend- 
ing load, or force, which a bar made up of two similar 
rows of particjes could resist ; also a crushing load 
or force half as large as the crushing load or force 
which a bar made up of two similar rows of particles 
could resist. Also, that it would be able to resist 
the action of a rending load or force, or that of a 
crushing load or force, one-third of the rending load, 

c 2 
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or force, or of the crushing load, or force, wliich a 
bar made up of three similar rows of particles could 
resist- 
But, in order that a number of separate particles 
arranged in a single row may be able to hold to- 
gether Bo far as to resist the action of a load or 
force tending to tear them apart, and at the same 
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Holding off puticlee or portjous of puticle 

time to hold each other off so far as to be able to 
resist the action of a load or force tending to crush 
them together, it is clear that either each particle 
must, at the same time, hold on to and hold off the 
two particles on either side of it in the way shown 
in Fig. 1 ; or every particle must hold on to the next 
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particle to it on oue side and hold off tbe next 
particle to it on the other aide in the way shown in 
Fig. 2 ; or else the particles muat bo of two natures, 
the one nature beiog endued with the power of 
holding on to, and the otlier nature with the power 
of holding off other particles, and be arranged in pairs 
so that tbe particles endued with the power of holding 
on may alternate with the particles endued with the 
power of holding off other particles in the way shown 
in Fig. 3. But though something may doubtless be 
said in iavour of each of these three views of the 
way in which particles in a row are enabled to resist 
tho action both of a rending and of a crushing load 
or force J with neither of the last two ways is it easy 
to see how impulses of force can travel, as we know 
they can, from particle to particle. Whereas the 
first of the three ways not only provides a road by 
which impulses of force may travel from particle to 
particle, but also has in support of it the fact that the 
heavenly bodies themselves, which are, as we shall see, 
a^regations of different masses of matter composed 
entirely of particles, are plainly endued with the power 
of holding on to, and holding off, at the same time and 
on the same side, other heavenly bodies. We may 
therefore perhaps safely conclude that single parti- 
cles possess tho same powers as are possessed by 
particles when massed together in the heavenly 
bodies, and that every particle, in a row of particles. 
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both holds on to and holds off the particles on 
either side of it in the manner shown in Fig. 1. 

12. If now, in place of testing bars of iron, cubes 
of that metal are tested, it will be found that a cube 
of iron ia able, on all sides, to resist the action both 
of a rending and of a crushiog load or force. And 
from this we may conclude that a particle of iron both 
holds on to and holds off the other particles of iron 
contiguous to it on all sides in the same mass ; and 
indeed the accuracy of this conclusion will be con- 
firmed if massesof other form than the cube are tested. 

Similarly, if bars, cubes, and masses of other form 
of the other elementary or compound substances, 
in the solid state, are then tested, it will be found 
that all to a greater or less extent are able to resist 
the action both of rendijjg and of crushing loads or 



L 



Hence we learn that every particle of matter in 
the solid state ia able, to a greater or less extent, to 
hold on to and bold off all other particles contiguous 
to it iu the same mass of matter, 

We shall see hereafter that particles of matter in 
the liquid and gaseous states are also able to hold 
on to and hold off all other liquid or gaseous parti- 
cles contiguous to them in the same mass, though 
of course neither liquid nor gaseous particles have 
the same power of holding on to other liquid, op 
gaseous particles that solid particles have. 
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13. We have now to endeavour to show that the 
particles which, as we have thus seen, are able both 
to hold on to and hold off other particles contiguous 
to them in the same mass of matter, hold on to each 
other by the action of compulsive force, which binds 
them together, particle to particle, and hold off each 
other by the action of repulsive force, which tends to 
separate them particle from particle. 

14. If then a bar of iron, similar in all respects to 
the bars used in the previous experiments, is strongly 
heated and then measured, it will be found to have ex- 
panded in every direction, though at the same time, if 
care was taken to keep the bar, while it was being 
heated, surrounded with some substance which has no 
chemical action upon iron, it will be found that the bar 
has not increased in weight. From the fact of the bar 
thus, under the action of heat, expanding and there- 
fore increasing in volume, without receiving an 
increase of weight, or of the number of particles of 
which it is made up, we learn that the effect of 
adding heat to the bar is to drive the particles of 
the bar further apart one from another, or to confer 
upon some or all of the particles an increased power 
of holding off other particles. 

But if while the bar is hot, its power of resisting 
the action of a rending load or force tending to tear 
it across is tested in the same way as the strength 
of the other bars was tested, it will be found that 
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the bap while hot ia much softer, and less able to 
resist the action of a rending load or force than a 
cold bar is. We thns learn that the addition of 
heat to the bar, while ifc increaaes the power of the 
particles in the bar to hold each other oS, diminishes 
the power of the particles to hold on to each 
other. 

If the bar is further heated cohtinnonaly, it will 
continue to expand or increase in volume, and at 
the same time to decrease in strength; until at 
length, if the heat is sufficiently great, the bar will 
melt, ite particles having lost the greater part of 
the power of holding on to each other, which they 
before possessed. If the heat is continually in- 
creased, the molten-metal will assume the gaseous 
form, in which the volume of the mass will have 
enormously increased, showing that the particles 
have gained in a high degree an increase in the 
power of holding each other off, whilst at the same 
time their power of holding on to each other will 
have been to a corresponding extent diminished. 

We can actually show that compulsive force 
passes off from a bar when it is heated. For if the 
bar ia made up, along with a bar of some other 
suitable metal, into a pair of a thermo-electric 
battery, and then heated at the junction of the two 
metals, a current, which though a very weak one, 
can be shown to exhibit the action of attractive or 



of the Universe. 25 

compulsive force will pass from one bar to the other. 
Or again^ the luminous rays which the bar, in com- 
mon with other solid bodies, emits when it is heated 
to a white heat, can, if collected by a lens and made 
to impinge upon a mixture of equal volumes of the 
gases hydrogen and chlorine, be shown, by their effect 
in compelling the particles of the two gases to unite 
together in chemical combination and form the 
compound substance hydrochloric acid, to exhibit 
the action of compulsive force. 

If the bar, after being heated, is allowed to cool, 
it will continually give off or radiate heat, which may 
be collected and made to produce expansion, or an 
increase of volume, and at the same time a diminu- 
tion of strength, or power to resist the action of a 
rending force in other bodies. 

The bar as it cools will contract to the volume it 
occupied before it was heated, showing that its 
particles have lost the increased power of holding 
each other off which they gained by the process of 
heating. The power thus lost by the particles of the 
bar can be shown to have passed to the particles of 
the other substances, which were heated and ex- 
panded by the bar in cooling. 

If now, however, we take a stout cylinder closed 
at one end and furnished with a tightly-fitting piston, 
and, after filling the cylinder with some gas such as 
chlorine, and placing the cylinder in a vertical posi- 



26 



Li^hi the Dominant Force 



tion, witli the handle of the piston uppermoBt, apply 
a heavy load oi- weight to the handle of the piston so 
as to force the piston down in the cylinder, and 
thus compress the gas, by applying to it the force 
of gravity or the attractive force of the earth, we 
shall find that the gas as it becomes condensed 
beconaes also heated. If we continually increase 
the load upon the piston, so as to compress the 
gfts more and more, in the end tJie gas will become 
liquid; and finally if the same process is continued 
with the liqnid, and heat is at the same time 
abstracted from it, the liquid will become a solid. If 
the solid thus obtained from the gas is examined, 
and the dimensions of the solid mass are measured, 
it will be found that the mass has gained in com- 
paratively a high degree the power of resisting the 
action of a rending force, but at the same time its 
volnme has greatly decreased, showing that though 
the particles have gained in a high degree the power 
of holding on to each other, they have lost to a 
corresponding extent the power of holding each 
other off. We can show by the expansive effect of 
the heat abstracted from the gas upon the substances 
used in cooling the gas, that the holding oif power 
which the particles of the gas lost in assuming the 
solid condition, passed off to the particles of the 
substances used in cooling or abstracting heat from 
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We have thus seen that when increments of heat 
are communicated to a solid iron bar^ the holding 
oflF power of the particles of the bar is so much in- 
creased, and the holding on power so much dimi- 
nished, that the particles assume the liquid, and ulti- 
mately the gaseous condition, and disperse, being 
no longer able to hold together. We have also seen 
that, when increments of an attractive force are con- 
stantly communicated to a quantity of gas, the holding 
on power of the particles of the gas is so much in- 
creased, and the holding off power of the particles 
so much diminished, that ultimately the particles 
assume the liquid condition ; and if the process is 
continued to the liquid and heat at the same time 
abstracted, the particles assume the solid condition, 
and unite into a solid mass. We have seen also 
that when the particles of a solid lose holding on 
power under the action of heat, the particles of 
surrounding substances gain an increase of holding 
on power. Also, that when particles lose holding 
off power under the action of attractive force, the 
particles of surrounding substances gain an in- 
crease of holding off power. We may take other 
developments of compulsive force besides that of 
gravity; as for example, the attractive force de- 
veloped in an electro-magnet by the electric current, 
and by applying by a suitable arrangement the 
attractive force of the magnet to a quantity of gas 
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confined in a cylinder effect the condensation and 
liquefaction of the gas in the same way as with the 
attractive force of gravity. We may take also other 
developments of repulsive force besides that of heat, 
as for example the repulsive force developed by an 
electric current, and effect instantaneously the 
vaporization uf a piece of iron wire. 

Having thus shown generally that when incre- 
ments of repulsive force are constantly added to a 
solid'masa, compulsive force is dislodged from about 
the particles and repulsive force stored up about 
the particles of the mass, with the effect of gradually 
driving the particles further and further apart one 
from the other, until at length the particles assume 
the gaseous state and disperse, having lost the greater 
"part of the compulsive force which was stored up 
about them, and being no longer able to bold to- 
gether in presence of the repulsive force; and 
having shown also that when increments of com- 
pulsive force are constantly added to a mass of gas, 
in which the particles have very little power of 
holding together, but great power of holding each 
other off, the effect is to dislodge repulsive force 
with a perceptible development of heat, and to store 
up compulsive force about the particles of the gas, 
and to draw the particles closer and closer together, 
until at last the gaseous mass assumes the liquid 
or the solid form, we may therefore conclude with 
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certainty that the holding on power of particles is 
due to the action of an attractive or compulsive 
force, which binds the particles together particle to 
particle ; and that the holding off power of particles 
is due to the action of an expansive or repulsive 
force, which separates the particles thrusting them 
apart one from another, 

15. We further learn, from the fact that the load 
or weight placed upon the piston of the cylinder 
containing gas was able to transfer to the gas in 
the cylinder the force of gravity or the attractive 
force which tends to draw the load or weight into 
its proper position with reference to the other 
masses of matter on the earth ; and from the fact 
that under the action of the attractive force thus 
transferred to the gas the whole or almost the 
whole of the particles of the gas were condensed 
and brought together into a liquid mass, that at- 
tractive or compulsive force can be transferred, or 
can pass both from one body to another and from 
one particle to another, also from particle to particle 
in the same body. 

16. We also learn, from the fact that a heated 
body is able to grow cool, by giving up heat to and 
causing expansion in surrounding bodies ; and that 
a heated body becomes itself more or less heated 
and expanded all over, and ultimately assumes 
throughout the liquid condition, that heat or repul- 
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sivB force can be transferred or can paaa both from 
one body to another and from one particle to another 
in the same body, 

17. From the fact that on the one hand the 
particles of a solid expand and assume the liquid 
form, when heat is iidded to them, and compulsive 
force taken off ; and the particles of a liquid, when 
continually heated, expand and assume the gaseous 
form, as soon as compulsive force to a sufficient 
extent has been displaced from them; and that on 
the other hand the particles of a gas, when attrac- 
tive or compulsive force is added, and heat ab- 
stracted, contract and assume the liquid form ; and 
the particles of the liquid, if compulsive force is added 
and heat abstracted from them, contract further and 
assume the solid form ; we learn that the solid 
state differs from the liquid state, in that the par- 
ticles in the solid state have a greater amount of 
compulsive force, about them, holding them to- 
gether, and a smaller amount of heat or repulsive 
force, about them, holding them apart, than the 
particles in the liquid state have; and that the 
liquid state differs from the gaseous state, in that 
the particles, in the liquid state, have a greater 
amount of compulsive force about them, holding 
them together, and a smaller amount of heafc, or 
repulsive force, about them, holding them apart, 
than the particles in the gaseous state have. 
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Thus the solid is the state in which the particles 
have a maximam of compulsive and a minimum of 
repulsive force about them ; the gaseous is the state 
in which the particles have a maximum of repulsive 
force and a minimum of compulsive force about them ; 
whilst the liquid is the state intermediate between 
the solid and the gaseous, and in it neither of the 
forces predominate largely. The accuracy of this 
deduction is shown from the fact that liquid carbonic 
dioxide, when it is allowed to issue from a small 
orifice in a closed vessel, abandons altogether the 
intermediate liquid state, and one part, taking an 
excess of compulsive, and giving up the greatest 
possible amount of repulsive force, assumes the solid 
state; whilst the other part, taking an excess of 
repulsive force and giving up the greatest possible 
amount of compulsive force, assumes the gaseous 
state. 

18. It is important to note that, in order to 
reduce a gas to the liquid state it is not sufficient to 
add pressure alone, to it ; nor is it sufficient alone 
to abstract heat from it. For, if while heat is ab- 
stracted from the gas, the pressure is constantly 
reduced, the gas will not liquefy. For example, in 
Sir G. Nare^s " Voyage to the Polar Sea/' vapour 
is recorded, at p. 226, vol i., to have been seen as- 
cending from cracks in the ice, when the tempera- 
ture in the cracks was — 2° Fahr. Neither will the 
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gas liquefy under any pressure however great unless 
the gas is cooled down below a certain temperature, 
called by Andrews the critical point (see Roscoe^s 
" Chemistry/' vol. i. p. 79, where it is stated that 
carbonic dioxide, which at a temperature of 0° C. 
liquefies at a pressure of 38*50 atmospheres, can 
be subjected to a pressure of 150 atmospheres with- 
out liquefying, if the temperature of the gas exceeds 
30°. 92, which is its critical temperature). Thus, to 
reduce a gas to the liquid state pressure must 
ordinarily be added and heat abstracted. 

19. Similarly in order to reduce a liquid to the 
solid state pressure must be added and heat ab- 
stracted; for it appears from Roscoe's " Chemistry,^* 
vol. i. p. 226, that water, which at the ordinary 
pressure of the atmosphere freezes at 0° C, can, 
under a diminished pressure, be cooled down to 
— 12°C. without freezing. 

20. On the other hand, in the liquefaction of 
a solid and in the conversion of a liquid into a gas, 
compulsive force must be abstracted as well as 
repulsive force added. For it appears from Roscoe's 
" Chemistry/' vol. i. p. 227, that sulphur, which 
melts at 107.0° C, at a pressure of 1 atmosphere, 
requires, under a pressure of 792 atmospheres, 
a temperature of 140.5° C. to melt it. Again, water, 
which boils at a temperature of 100° C. at the ordi- 
nary pressure of the atmosphere, requires, when 
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under a greatly increased pressnre, a much higher 
temperature to boil it. 

21. It is necessary perhaps to notice the fact that 
some substances, such as water, bismuth, &c., 
expand in paasiug from the liquid to the solid state, 
instead of contracting, as other substances do. 
The expansion of these substances in solidifying, 
and their contraction on liquefying, may be ex- 
plained by the assumption that these substances 
adopt, in solidifying, crystalline forms, which do not 
fit exactly into each other ; so that a solid mass 
made up of crystals with intervals actually occupies 
a greater volume than the same mass occupies in 
the liquid state. Hence these substances expand 
on assuming the solid state ; and contract by the 
filling up of intervals, in passing from the solid to 
the liquid state. 

22. From the fact that particles of a gas are able, 
in a liquid, to collect together and form bubbles, 
we learn that the particles of a gas, however loose 
their hold on each other may, at first sight, appear 
to be, have not altogether lost compulsive force. 
We have, besides, in Professor Tait's vortex 
rings (see " Recent Advances in Physical 
Science," p. 292) a beautiful example of the way 
particles of air hold together. The smoky air, in- 
side the box, with which these rings are made, 
is in a different condition from the air outside. 
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and its particles, for reasons wbich will afterwards 
be apparent, in contact with the solid particles in 
suspension in the smoky air, hold on to each other 
more firmly than air particles ordinarily do ; hence 
when, hy a smart blow delivered upon a towel or 
piece of cloth stretched across the box on one side, 
from which the woodwork has been removed, a 
mass of smoky air has been expelled from a round 
hole in the opposite side of the box, the particles in 
the mass of smoky air hold together after the mass 
has been expelled from the box; and holding to- 
gether the mass takes the form of a ring ; because 
the particles at the edge of the mass cling to the 
aides of the hole, and start with diminished force 
and velocity ; whilst those in the middle being com- 
paratively unimpeded, start under the full force of 
the blow, and open out, rotating easily the more 
slowly moving particles at the outer edge; thus 
forming a hole tbrough the middle of the mass, for 
precisely the same reason that the particles in the 
middle of a disc of any soft substance open out, 
when a blow is struck on the middle of the disc, 
and foi-m a hole in the middle of the disc. The 
after movements of these rings of smoky air as they 
pursue or impinge against each other present some 
peculiaiities which will be appreciated when we 
consider the subject of motion. 

23. From the fact that particles of a liqaid draw 
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together and form drops, or move in streams, we 
learn fhat the particles of a liquid have a con- 
siderable amount of compulsive force about them. 

24. From the fact that a film of air is often seen to 
be attached to the surface of a solid, when the solid is 
plunged into a liquid ; and from the fact known to 
chemistry that some solids, when in a porous con- 
dition, such as spongy platinum or carbon, are able 
in a very marked way to condense gases in their 
pores, we learn that the surface particles of a solid 
hold on to, or are connected with the particles of 
gasses contiguous to them. 

25. From the fact that films or drops of liquids 
are often seen attached to solids ; also from the fact 
that minute tubes formed in solids are able to draw 
liquids into them by the process of what is called 
capillary attraction ; and from the fact that liquids 
are able, in many cases, to dissolve solid masses, 
pulling them, as it were, to pieces, we learn that the 
surface particles of a solid hold on to, or are con- 
nected to, the particles of a liquid contiguous to them. 

26. From the fact that a stream of a liquid carries 
down with it bubbles of a gas through which it 
passes : also from the fact that, when liquids and 
gases are in contact, portions of the gases are 
generally dissolved in the liquids, we learn that 
liquid particles hold on to, or are connected to, the 
particles of any gas contiguous to them. 

D 2 
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27. We thus learn also that masses of any solida, 
when placed in a mass of liquid, or of a gas, are 
directlj connected togetlier by the particles of the 
gas, or of the liqaid in which the solid masses are 
placed. 

28. But though the snrface particles of a solid can 
thus he shown to hold on to the particles of a gas, 
or of a liquid contiguous to them, and the particles 
of the gas, or liquid thus connected to the particles 
of the solid in their turn hold on to the other par- 
ticles of the liquid, or gas contiguous to them more 
firmly than the particles of the gas or of the hquid 
generally hold on to each other, ao that a film of 
the gas or of the liquid is formed about the surface 
oE the soKd; or when the sohd is finely divided np 
and diatributed, as silt in a river, or as smoke in the 
air, a mass of muddy water is formed, having more 
coherence than clear water, as is sometimea well 
seen at the junction of two rivers, a clear and a 
muddy one, when the water of the muddy river for 
a long distance keeps apart from the clear water, 
'jr a mass of smoky air is formed, having more 
coherence than a similar mass of pure air, as is well 
seen in the case of Professor Tail's vortex rings, 
referred to in paragraph 22: it is clear that the 
particles of the solid do not hold ou to the particles 
of the gas, or of the liquid as strongly as they hoM 
on to other solid particles. For if two solid d 
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of the same substance are brought together in a 
gas, or in a liquid, the two masses will not generally 
unite to form a single mass even though the surfaces 
are accurately fitted together, and if a portion is 
detached forcibly from any solid mass, the broken 
surfaces will not generally unite, even when they 
are brought immediately together : though there 
are exceptions to this ; for it is found that two 
pieces of freshly cut lead with smooth surfaces, or 
two perfectly polished plates of glass, or two pieces 
of cast iron with true surfaces, as in Whitworth's 
planes,will cohere (Miller^s ^^ Chemistry," vol.i., p. 70). 
We thus learn that the exposed sides of the surface 
particles of a solid lose holding on power both in a 
liquid and in a gas. At the same time, since liquid 
particles have about them a greater amount of com- 
pulsive force than the particles of a gas have, it is 
clear that the exposed sides of the surface particles 
of a solid will lose less holding on power when the 
solid is immersed in a liquid than when it is im- 
mersed in a gas. Accordingly we find that grains 
of dust and sand, and many other substances which 
when dry do not hold together, when wetted cling 
together and manifest a considerable amount of 
holding on power. 

29. The particles in a liquid are free to turn, and 
are easily displaced at any time ; consequently the 
particles at the surface of a liquid are constantly 
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presenting freslt faces to the outaJde : hence two 
masses of the same liqaid unite easily, wheu they 
are brought in contact, provided that the tempera- 
tare of both of the masses is the same. Hence 
alao, if the surfaces of two solid masses of the sanie 
aabstance are heated, until the particles at the two 
snrfaices become mobile and free to turn, the masses 
will unite, if the sui'faces are then forcibly brought 
together ; thus masses of iron are joined together by 
welding. 

30, We have thus seen that particles, whether in the 
solid, liquid, or gaseous state, hold on, in a greater 
or less degree, to all other particles, whether in the 
solid, liquid, or gaseous state, contiguous to them, 
by means of compulsive force about them, drawing 
particle to particle. We have also seen that in any 
mass of matter, whether in the solid, liquid, or 
gaseous state, the particles, of which the mass is 
made up, are kept apart by repulsive force acting 
about the particles and separating, or keeping off 
panicle from particle. But though particles are 
thus held together and kept apart by the forces of 
compulsion and repulsion about them, it ia plain 
that particles do not consist solely of force- For in 
chemistry, as already stated, some sixty or seventy 
different kinds of particles are recognized ; and each 
of these sixty or seventy different kinds of partioles 
has a constant form of its own, in which a different 
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disposition of the forces of compulsion and repulsion 
and a different capacity for rotaiuing these forces 
prevailj from those found with the other kinds of 
particles, This constant form, and the peculiarities 
which distinguish it, are retained by each kind 
through all the changes, which, being due, Ets we 
have seen in paragraph 17, to variations in the 
relative proportion in which the two forces of com- 
pulsion and repulsion are present about the particles, 
occur when particles change from the solid to the 
liquid, or from the liquid to the gaseous state, or 
i^ice cersa ; so that a particle of any kind at once 
returns to the normal state of particles of its kind 
as Hoon as it is freed from the influences by which 
the transformation to another state was effected: 
also this constant form is retained, through all the 
changes, often of a most complicated character, 
which particles undergo when they enter into 
chemical combination with particles of other kinds, 
whereby, as we shall afterwards see, by the addition, 
or abstraction of force, groups of particles are 
formed, which, when collected into masses, make up 
masses often differing in all respects from any of the 
elementary substances made up of aggregations of 
any of the particles in the groups taken singly ; so 
that the particles return at once to the normal con- 
dition of particles of their kind, as soon as they are 
dissociated from these groups and freed from the 
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influence of the other particles composing those 
groups. And it is manifest that particles, which 
thua retain constant forma and conatant differences 
throughont a great variety of changes, all involving 
alterations in the amount and distribution of the two 
forces of compulsion and repulsion present about 
the particles, cannot be made up alone of two 
variables, such as are these two forces of compulsion 
and repalsion ; but must include also in their com- 
position a constant element. Otherwise, in some of 
the man J changes which particles undergo, all 
involving variations in the relative proportions, as 
well as in the quantities in which the forces are 
present about the particles, it would necessarily 
happen that particles of the several kinds, instead 
of constantly retaining each a constant form peculiar 
to itself, would be from time to time transformed 
into particles of other kinds, now of one sort and 
now of another. We thus conclude that each par- 
ticle consists of a central atom of constant form in 
the grasp of the two forces of compulsion and 
repulsion, which form a kind of sheath, or envelope 
about the central atom, on the one hand connecting 
it with, and on the other hand separating it from 
all particles, of whatever kind, or in whatever state, 
immediately contiguous to it. 

31 . The idea of the two forces thus forming- a sheath 
or envelope about a particle must not be too far 
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strained, since tbere ia no actual partition or domar- 
cating surface between the portion of force acting 
upon any particle, and that acting upon the opposite 
side of any other particle contiguous to that particle 
on that side; and the nature of the connexion 
between any two contiguous particles, probably mora 
nearly resembles that of two bodies held together 
by an elastic tie in the case of compulsive force and 
that of two bodies kept apart by an elastic strut in 
the case of the force of repulsion, than anything 
else. Nevertheless, since, even when a particle 
separates from a liquid, or solid mass, and moves 
off in the gaseous form, the forces still retain their 
hold of the particle, this idea of a force sheath or 
envelope about a particle, is a convenient one for 
expressing the way in which the forces range them- 
selves about the central atoms : and we may perhaps 
not incorrectly look upon the sheath or envelope of 
any particle as extending, on any side, half-way 
between the central atom of the particle and the 
central atom of the next particle contiguous to it, on 
that side. 

32. Since compulsive force tends to draw the cen- 
tral atoms of contiguous particles together, and thus 
contract the force sheath, or envelope of the conti- 
guous particles on the sides on which it acts ; and 
since repulsive force tends to drive contiguous 
particles apart, and thus expand the force sheatha 
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or envelopes of the contiguous particles on the sides 
on whicli it acts ; since also the two forces of compul- 
sion and repulsion acting side by side at once connect 
all particles together and beep all particles apart, 
and thus fill all space iii sncli a way that on the one 
hand no two particles can be drawn closer together 
ou one side by an increment of compulsive force, 
without a corresponding displacement of repulsive 
force, involving the separation to a similar extent of 
two particles, or a similar extent of separation spread 
over more than two particles, on some other side ; 
and on the other hand, no two particles can be 
driven further apart on any other side by an incre- 
ment of repulsive force without a corresponding 
displacement of compulsive force, involving the 
drawing together to a similar extent of two particles, 
or a similar extent of contraction spread over more 
than two particles, on some other side; it foUowa 
that the relative proportion in which the two forces 
of compulsion and repulsion are present about any 
two contiguous particles on any side determines the 
distance which sepai-ates the two contiguous parti- 
cles on that side and the extent on that side of their 
respL-ctive force sheaths. 

33, It follows also that there must be two ways in 
which two contiguous particles can be drawn closer 
together, viz. either by transferring compulsive force 
from particles ou some other side to iho two parti- 
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clea, and thua displacing from ths two particles 
repulsive force, which will produce expausion 
between the particlea on the other side from which 
compulaive force waa transferred ; or by transferring 
repulsive force from the two particlea to other 

» particles on some other side, and thna diaplacing 

from the particles on the other side compalatTe 
force, which passing to the two particlea will draw 
them nloaer together. 

Similarly there must be two wiiys of driving two 

I contiguous particles further apart, viz. either by 

transferring repulsive force from the particles on 
eome other side to the two particlea, and thus dia- 
placing from the two particles compulsive force, 
which will draw together the particles on the other 
side from which the repulsive force was transferred; 
or by transferring from the two particles to other 
particlea on some other aide compulsive force, and 
thna diaplacing from those other pai-ticles repulsive 
force, which paasiug to the two particles will drive 
them apart, taking the place of the tnmaferred 
L oompulaive force. Accordingly we find this in 

■ practice to be the case. For if we perform an 

B experiment suggested in Miller's " Chemistry," 

I vol. i, p. 51, with which a glass cylinder closed at 

I one end is furnished with a tightly-fitting piaton 

I and then half filled with some coloured gas such aa 

I chlorine, we shall find that the chlorine gas will 
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be visibly condensed, showing that the particlea of 
the gas are drawn closer together, if either, after 
placing the cylinder in a vertical position with the 
handle of the piaton uppermostj we weight the 
piston, and ao transfer to the particles of the gas 
the attractive or cotnpalaive force of gravity, which 
acts directly upon the particlea of the weight in the 
piston 1 or if wo transfer heat or repulsive force 
from its particles to the particles of some freezing 
mixture with which the cylinder is surrounded, bo 
that particlea of the freezing mixture receive heat 
and expand or are driven apart, while the particles 
of the goa receive compulsive force. Again we 
shall see that the gas will visibly expand, showing 
that its particles have boon driven further apart ono 
i'l-om another, if either we transfer from some heated 
body heat or repulsive force to the gas, allowing 
at the same time the piston to rise in the cylinder ; 
or if we transfer compulsive force from the gas to 
the particles of the air outside by forcibly drawing 
up the pbton. We note with reference to thia 
experiment that, when the piston is forcibly driven 
down, the gas, a« we have ali-oady seen, being con- 
densed in the cylinder, is o!ao heated, showing that 
heat or repulsive force has been displaced, and ia 
passing off to surrounding objects; also that, when 
iho piston is forcibly drawn up in the cylinder, the 
expanded gas is cooled, showing that the particlea 
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of gas are taking teat or repulsivo force from the 
particles of air surrounding the cylinderj to fill up 
tie place so to speak of the compulsivo force trans- 
ferred. 

Hence we learn that there are two ways of pro- 
dncing contraction, namely, first by the direct action 
of compalsive force on the side on which the con- 
traction takes place; and second, by tho action of 
compalsive force displaced from some other side by 
the direct action, on that side, of repnlaivo force. So 
also there are two ways of producing expansion, viz. 
first, by the direct action of repulsive force on the 
side on which the expansion takes place ; and 
second, by the action of repulsive force displaced 
from some other aide by the direct action of repul- 
sive force on that side. 

33. When therefore we have evidence of the pre- 
sence and action of compulsive force, and notice that 
in connexion with the action of that compulsive force 
an expansion of the volume of any mass of matter 
takes place, we may consider that the expansion 
is due to the action, upon the particles of the 
expanded mass, of repulsive force displaced from 
the particles of some other mass upon which the 
compalsive force is acting directly. 

Similarly when we find in connexion with the 
action of repulsive force a contraction in the volume 
of any mass takes place, we may consider that the 
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contraction is due to tbe action of compolsive 
force displaced by the repulsive force from the 
particles of some other mass on which ib acta 
directly. 

34. Having thus seen that particles consiBt each of 
a central atom ld. the grasp of the two forces of com- 
pulsion and repulsion, which form a sort of sheath 
or envelope round the central atom, connecting it 
with, and separating it from the central atoms of all 
particles of Gvery kind contiguous to it; also that 
the two forces of compnlsiou and repulsion, thus 
connecting particle with particle and separating 
particle from particle, fill up together all tlie 
intervals in space between the central atoms of 
particles, whether these particles are drawn close 
together in solid or liquid masses, or dispersed in 
gaseous masses ; so that although no increment of 
either of the forces can attach itsolf to any particle, 
mass, or body without displacing, from that particle, 
mass, or body, a correspondiug amount of the 
opposite force ; yet through roads of oommnnicatiou, 
for both the forces, are open on every side, so that 
increments, or decrements of either of the two forces, 
whenever they can force their way, can at any time 
travel from particle to particle from mass to mass 
and from body to body from the one side of the 
universe to the other ; we may now go on to 
consider the way in which the two forces of com- 
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pulsion and repulsion are disposed or distributed 
about the central atoms. 

35. Now single particles, as we iave seen, are 
bodies so exceedingly rainnte tliat it is quite impoa- 
sibleibr theeye, even with thehelpofour best micro- 
scopes, to distinguish tbem; and therefore it ia useless 
for ns to hope to discern with the natural eye the 
way in which the forces of compulsion and repulsion 
are disposed alongside of each other about the 
central atom of a particle. Nevertheless the natural 
eye, by detecting the peculiarities of form and 
structure, which difierout masses of matter under 
similar circumstances, or similar masses of matter, 
under different circumstances, adopt, may enable 
the imagination to institute comparisons and in this 
way bit by bit to make a more or less complete 
picture of the particle ; so that although we cannot 
view a single particle with the natural eye, we may 
be able to view one with the eye of the imagina- 
tion. 

36. We may notice then that solids usually occur 
in masses bounded by plane faces, though each face is 
oflen broken up into an enormous number of planes. 
We have in the beautifully regular crystalline forms, 
which many substances adopt in solidifying, striking 
examples of masses bounded with plane faces. We 
have other examples in the perpendicular faces of 
cliffs and in the surfaces of broken masses of rock 
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generally. It is, when solid masses are exposed to 
the action of ruuning- water, or to that of otter 
liquids, or of gases j as when hill sides are exposed 
to the action of rain, and to that of the torrents which 
rain pours down them; or when masses, such as 
those in the various animal and vegetable forma, 
are built up, and inteTsected by streams of blood or 
of sap, then that the surfaces of solid maaaea be- 
come rounded. 

In masses of liquid, as we may see in a, drop or in 
a stream of water, or by watching a ship at sea as it 
sails away from us and disappears bit by bit — first 
the hull, then the sails, and lastly the tops of the 
masts vanishing from our sight — or in the waves, 
the exposed surfaces are always rounded, though 
sometimes the amount of curvature is almost in- 
appreciable ; at the same time the surfaces in hquid 
masses are regular. 

In masses of gas, aa we may see, in the clouds, or 
in the smoke, in which the form of the gaseous 
masses is indicated by the hquid, or solid particles 
iu suspension in the mass, the surfaces are rounded 
and at the same time exceedingly irregular and con- 
stantly shifting. 

From appearances such as these, we conclude that 
the particles, of which tlie shifting in-egular rounded 
gaseous masses are made up, must necessarily be 
extremely mobile, able to transmit force in every 
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direction, and constantly in motion, being driven 
apart, or drawn together by every variation of tem- 
perature, or pressure, and ready to move at once 
should any impulse of force reach them. 

In regard to the particles of which liquid masses 
are made up, we conclude from the regular rounded 
forms which liquid masses adopt, and from the readi- 
ness with which these masses yield to the action of 
impulses of force, that the particles of which a liquid 
mass is made up are able to transmit force in every 
direction, and are also mobile, though they have far 
less mobility than particles in the gaseous state 
have. 

From the evenness, stiffness, immobility, and 
regularity of solid masses, we conclude that solid 
particles are constant and regular in form, trans- 
mitting force impulses onward in the same direction 
as that from which they arrive, and very feebly in 
any other direction, but themselves yielding very 
slowly to the action of force. 

87. From the fact that the two sides of crystals, 
and of animal and vegetable forms generally are sym- 
metrical, we conclude that the opposite sides of solid 
particles are generally similar. From the fact that 
many substances in nature, when in the solid state, 
besides having in common with all other substances 
each, when they are elementary substances, its own 
peculiar form of particle, or, when they are cora- 
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pound substances^ each its own pecaliar method of 
arranging the particles in the groups of particles of 
which it is made np, also have each its own pecnliar 
CTYStalline forms to which it steadfastlr adheres: 
so that each of these sabstances has. in the crvstaUine 
forms which it adopts, to quote firom Datna's *' Mine- 
ralog y/' " some peculiaritT, some difference of angle, 
or some difference of cleavafire structure, which dis- 
tinguishes it firom CTery other mineral :" also firom 
the fact that many of these crystalline forms have 
highly polished faces moulded with an accuracy 
which cannot be surpassed; and in addition hare, 
many of them, the property of cleavage, or of splitting 
readilv into lavers in certain directions: we mav 
infer th&t in these substances the particles are of 
uniform size and regular form ; just as certainly as 
an en£riueer« lookinsr at a well-built brick walL is 
able to infer, when be sees r^^l^r courses, fine 
joints, and vertical plane faces, that the wall has 
been buil: with well-shaped briots of uniform size. 
We know that though very neat and r^^:ular piles 
can Ih> built with round shot of uniform siie, and 
indeeil such piles may be., or might have been in the 
day^ of smooth-K>re ordnanix\ seen any day at any 
arsoual ; vet that wails wi:h vertical faces cannot be 
buiU with round shot. To build a wall with vertical 
ta»x>!!s «wul ri^ular jh>iuts and oours<^, bricks or stone 
of suitable shape ai>> utv^esaury. So also when 



of ilie Universe. 51 

crystals of regular form, having like the brick wall 
regnlar courses or cleavage planes, are built up, we 
may be sure tbat material ia the form of particles of 
nnifortn stze and regular shape has to he provided. 

38. But we can go a step further, and from the 
crystalline forms adopted by some substances in 
solidifying, we can deduce the actual form adopted by 
the sheaths, or force envelopes, as defined in para- 
graph 31, of the particles. For we find that many 
substances, such as rock salt, galena (lead sulphide) , 
&c., crystallize in the form of the cube; and, with 
some of these substances, wo may obtain cnbic 
crystals by slowly evaporating aolutiona of the sub- 
stances, and then, taking one of the cubic crystals, 
we may, by proper manipulation, feed the crystal 
with a solution of the same kind as that by which 
the crystal was originally deposited, in such a way 
that the crystal while continuing to increase iu size 
shall constantly m^ntain the cubic form. 

Again, if wo take a cubic crystal of some sub- 
stance, such as galena/ wliich has cleavage planes 
parallel to the faces of the cube (Dana's "Minera- 
logy "), we can reduce such a crystal in size to 
any extent, while still keeping it in the cubic form, 
by taking off a layer of the same thickness from 
each of tho faces of the cube in succession. We 
may thus_. as it were, take the crystal to pieces 
layer by layer, still keeping it in the form of a cube. 
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by atripping off £rom the crjatal each time a com- 
plete cubic shell. 

But noWj if we think over these facts in connexion 
with the way a brick or stone wall is built up, wg 
shall 3ee that crystals, which are thus built up of 
small particles layer by layer, and yet constantly 
retain the cubic form ; and crystals, which can thns 
be taken to pieces layer by layer, and yet constantly 
retain the cubic form, must, almost of necessity, 
be built up of particles, which are themselves 
cubes of uniform size; aa otherwise the particles 
could not at once drop into their places so as to 
complete the several layers or shells with perfect 
regularity. 

39. We learn from chemistry that rock salt and 
galena, as well aa other substances, sach aa Saor 
spar and silver chloride, which crystallize in the form 
of the cube, are compound substances generafly 
containing two particles iu each of the groups of 
particles of which they are made up. In the case of 
rock salt, each of the groups of particles in it con- 
sists of a particle of the elementary metal sodium 
united to a particle of the elementary gas chlorine. 
In the case of galena, each of the groups of particles 
in it consists of a particle of the elementary metal 
lead united to a particle of the elementary substance 
sulphur. Assuming then that each of the groups of 
particles of which rock salt and galena are respec- 
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tively made up is in the form of a cube, we may, 
remembering that both compulsive and repulsive 
force are distributed over every side of a particle, as 
was seen at paragraph 12, conceive that, in the case 
of the rock salt groups, a particle of sodium and a 
particle of chlorine, and, in the case of the galena 
groups, a particle of lead and a particle of sulphur, 
are arranged side by side in the way shown in 




Section showing on an enormously 
enlarged scale the assumed arrange- 
ment of the sodium and chlorine 
particles in one of the groups of 
particles of which rock salt is made 
up. The shaded portions indicate 
the portions of the force sheath or 
envelope about the central atoms 
occupied by compulsive force. The 
unshaded portions of the force sheath 
or envelope indicate the portions 
occupied by repulsive force. 




Elevation showing the assumed 
distribution of the forces of com- 
pulsion and repulsion in a cubic 
form, in the force sheath or envelope 
of one of the groups of particles, 
consisting of a sodium united to a 
chlorine particle of which rock salt 
is made up. The shnded x)ortion8 
indicate compulsive, the unshaded 
portions repulsive force. 



section, in Fig. 4, and, in elevation, in Fig. 5, in 
which the force sheath or envelope, defined as in 
paragraph 31, of each group, is shown in the form 
of a cube divided up into eight small cubes, four of 
attractive and four of repulsive force, arranged two 
and two about each of the two central atoms making up 
the group ; so that there are two small cubes of com- 
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pulaive alternating with two small cubes of repulsive 
force about the sodium particle, and two small cubes 
of compulaivo alternating with two emaU cubes of 
repulsive force about the chlorine particle, of each 
group ; and the eight small cubes together make 
up one large cube of the form shown in Fig. 5, 
having its six faces similar one to the othorj each 
face being divided up into four squares, two of com- 
pnleive and two of repulsive force, representing the 
force bonda by which the group is connected with 
the group next it on each side. 

Now since all the faces of the cube shown in 
Fig. 5 are similar one to the other, and the cube is 
perfectly symmetrical throughout, it is clear that if, 
for any reason, a number of precisely similar cubes 
ware to be brought within the influence of such a 
cube in a central position, so as to be attracted 
to the cube, then each of the six faces of the cube 
would Btlioch to iteelf another cube; and there 
would then be six outer cubes grouped symmetri- . 
cally about tbo six faces of the central cube. 

Supposing now that the four side-faces of the six 
outer cubes, thus arrraoged about the central cube, 
were to take to themselves additional cubes, in such 
a way that one additional cube should be taken 
between each pair of side faces opposite to each 
other : there would then be eighteen outer coben, 
1 symmetri cally round the one central cube in 
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Bncli a way as to form three belts iDteraecting each 
other aboat the one central cube, and to make up a 
figure wanting but one additional cube at each of 




polBive Ibice ; ttie anehaded Hpscei 
its eight angles, to make up a complete cubical 
crystal containing twenty-seven cubes, If we sup- 
pose the eight additional cubes required at the 
angles to complete the figure to be taken, there 
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will then be twenty-six outer cobes, forming a com- 
plete cubic shell about the one central cube. The 
whole forming' together a cubic crystal, of tho form 
shown in elevation in Fig. 6, built up of twenty- 
seven cubes, arranged eyiutnetrically bo aa to show 
nine cubes in each face of the crystal and ao that 
the six faces of the crystal are precisely similar the 
one to the other. 

Supposing that when the first cubic shell has thus 
been completed about the single central cube, the 
nine exposed faces of the cubes on each of the six 
sides of the crystal, shown in Fig. 6, each and all 
take to themselves an additional cube, so that there 
will be nine additional cubes added to each face of 
the crystal, making a complete layer, one cube deep, 
over each face ; and that then a single row of cubes 
is added to each of the twelve edges of the crystal, 
so as to connect the edges of the six layers of cubes 
upon the six faces of the crystal together, it is 
clear that a second complete cubic shell will be added 
to the crystal outside the first cubic shell ; and that 
the cryst-al will then be in the form of a cube, made 
np of 12o small cubes arranged symmetrically, in 
such a way that each of the six faces of the crystal 
will be precisely similar one to another. 

A third cubic shell can then be added in the 
way as the second cubic shell was formed, 
BO on. 



I same H 

and I 



It will be noticed tliafc the first cubic bIibII is 
conapleteii in three stiigea, and that the second 
and subsequent cubic sheila are completed in two 
stages. 

But nov7 suppose that, during the progress of the 
second stage in the formation of the first cubic shell, 
while an additional cube is being taken up between 
each pair of side faces of the sis outer cubes ranged 
about the single central cube, an additional cube ia 
also taken by the outer face of each of these six 
outer cubes ; and that these six additional cubes, 
thus attached to the outer faces of the six cubes 
ranged about the single central cube in the second 
stage of the first cubic shellj shall, during the pro- 
gress of the third or last stage in the formation 
of the first cubic shell, take to themselves an addi- 
tional cube to each of their four aide faces and to 
their outer face : then, when the first cubic shell is 
completed, there will be a pile with a base of five 
cubes and a height of two cubes projecting from 
either extremity of each of the three axes of the 
cubic crystal. Suppose then that, during the pro- 
gress of the first stage in the formation of the second 
cubic shell, each of the exposed faces both at the 
top and at the sides of each of the piles thus formed 
at each extremity of the three axes of the cube, 
takes to itself an additional cube, and that the ex- 
posed faces of these additional cubes in their turn 



58 

take, 



Light the Doimnmtt Force 






during the progrosa of the second, or last 
stage in the formation of the second cubic shell, 
each to itself, an additional cube, ao that during the 
formation of the second cubic shell, two cubes are 
added to the height of each pile of cubes thus raised 
about either extremity of each of the three axes of 
tlie cube, — then it is plain that if the same rate of 
progress is continued during the formation of other 
cubic shells, these piles of cubes about either ex- 
tremity of each of the throe axes of the cube will 
increase in height ao fast, and spread out so rapidly 
at the base, that by the time the third cubic shell ia 
completed, the bases of the piles will have spread 
over and obliterated all tho six cubic faces of 
the crystal, and the crystal will have been trans - 
formed from a cube into an octohedron, in which 
form it will subsequently remain, and continue to 
grow. 

But let US now, on the other hand, suppose that 
the construction of the cubic crystal proceeded uni- 
formly, without the formation of any excrescence at 
the extremities of the axes, until the first cubic shell 
had been completed ; and that then during the pro- 
gress of the second stage in the formation of the 
second cubic shell the exposed faces of the cubes 
located in the formation of the first stage of the 
second cubic shell should, while the rows of cubes 
were being adjusted along the edges of tho crystal to 
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complete the second cubic shell, each take to itself 
an additional cube : then, if subsequently the same 
accelerated rate of progress in the outer faces were 
continued duriug the formation of other cubic shells, 
it is plain that the additions to the faces would 
proceed so fast, and the construction of the edges 
of the crystfvl would be so much retarded, that the 
crystal would be converted from a perfect cube into 
a cube with truncated edges, and ultimately into a 
rhombic dodecahedron. 

Now the cube, the regular octohedron, and the 
rhombic dodecahedron are the three forms belong- 
ing to what is called the first system of crystallo- 
graphy (Dana^s " Mineralogy ^^) ; but we have seen 
that all these forms can be built up naturally 
with particles in the form of the cube. We. can 
understand that if the supply of particles available 
for the formation of the crystals is very large, 
the three stages in the construction of the first 
cubic shell, and the two stages in the construc- 
tion of the second and subsequent cubic shells, 
will, praJctically, run into one another, and that then 
the crystal will take the form of a perfect cube ; but 
that if the supply of particles is scanty, the several 
stages in the construction of each shell will be more 
clearly defined, and also the exposed faces of the 
crystal will be in a better position to obtain a supply 
of particles than the edges are ; and thus that the 
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of the supply of particles for the formation 

F crystals may to a considerable extent determine 

Bwhethev the crystal shall tats the form of a cube, 

that of an octohedron, or that of a rhombic 

iflodecahedron, either in a perfect, or in a modified 



. We may assume that, in the formation ( 
a1 in a liquid, the particles arrange themselrea ^ 
. the order adopted in the crystal, before the 
insition from the liquid to the solid stats actually 
iee place : for we find for example from the fact, 
water, which expands on sohdifying, 
.ces to expand directly its temperature falls 9 
reiow 4° C, though it does not actually become soUll 
■Until it is cooled down to a temperature of 0° 0.», 
1-plaiu indications that the particles arrange thein«l 
elves in crystalline order, with the same intervals 1 
letween the diiPevent groups as are found betweenl 
Itlie crystals in the solid state long before the tran->j 
■«tion from liquid to solid actually occurs ; &ii 

lave already seen, it is to the intervals whiuhV 
r between the crystals that the expansion of iW 
a due. 

41. But though, in rock salt and galena, aod 
[etlier Bubstances crystallizing in the form of thai 
cuabe, regular octohedron, or rhombic dodecahedron,! 
elopes of the particles may thus almost wiclia 
sertainty be shown to take the ibrm of the cube, it] 
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by no means follows that a[! particles take that 
form in their envelopes. Indeed, from' the fact thnt 
many substances in the solid state are niuch stronger 
in one direction than in anotherj we may infer with 
certainty that the central atoms in such substances 
are closer together in one direction than in another, 
and therefore that the particles of such substances 
have envelopes of a prismatic, or other elongated 
form. 

The envelopes of particles of a solid mass which 
is extended or compressed under any load, are 
drawn out or compressed, and in this way the 
change of form which the mnss exhibits, is brought 
about. 

The envelopes of particles of a liquid, or of a gas, 
when in motion, are constantly being extended, or 
compressed, as may be seen fi'om the curls and 
eddies which liquid and gaseous masses in motion 
often exhibit. In a state of relative rest, however, 
we may assume that both liquid and gaseous masses 
adopt regular forma, and, since tbey both transfer 
force equally in all directions, we may assume that 
they, like some solids, adopt the cnbic form for the 
envelopes of their particles. 

42. Having thus generally glanced at the way in 
which the two forces of compulsion and repulsion 
are distributed in the envelopes of particles, we may 
now proceed to consider the general question of the 
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transference of force, TOhicb, as we have already 
Been in paragraphs 15 and 16j takes place between 
particle and particle in a mass, or between mass and 



Now if we test any bar by a load, or force applied 
gradually, and then teat it by a load, or force ap- 
plied suddenly, or, in other words, by a jerk or blow, 
in place of a steady pull or pressure ; we shall fiud 
that a load or force, which if applied as a steady pull 
or pressure, will be successfully resisted by the bar, 
will break the bar immediately if it is applied by a 
jerk or blow. This plainly shows that the particles 
of a bar are only able to transfer a definite amount 
of force in a given time, and that if a greater 
amount of force reach the particles of a bar in the 
given time than the amount they are able to transfer, 
the particles yield to the force. 

If again, we take an elastic rod, such, for example, 
asabarof steel, or better still, a rod of India-rubber, 
and test it by a load or force tending to rend it, but 
take care that the load or force is one which the 
rod is well able to hear, we shall find, as has been 
already noticed, that tho rod will first become 
lengthened, and at the same time contracted in 
diameter, and then when it is thus lengthened and 
contracted in diameter it will resist the force by 
transferring it from the end at which it is applied 
to the attachment at the other end. If we increase 
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the load^ taking care that the increased load is still 
well within the load the bar is able to bear, we shall 
find that a further increase in length and a reduction 
in diameter occurs ; and so for every other increment 
of force a corresponding increase in length and 
reduction in diameter will take place. As soon, 
however, as the load or force is taken off, the rod 
at once returns to its normal shape, decreasing in 
length and increasing in diameter. Here the beha- 
viour of the rod clearly indicates that the load or 
force has produced compression outside of the rod, 
and in the direction of the source or centre about 
which the force is acting, and has thus, in the 
manner indicated in paragraph 33, displaced repul- 
sive force, which, in its turn, has produced exten- 
sion in the particles of the bar and a displacement of 
compulsive force away from the ends and towards 
the sides of the particles ; and that the displaced 
compulsive force in its turn has drawn the particles 
of the bar closer together at the side, producing 
contraction in the diameter of the rod ; also that 
the particles of the bar, when thus contracted, 
laterally are able to transfer the force communicated 
to them by the load at one end to the attachment at 
the other end in a way they could not do before they 
were thus contracted laterally. As soon as the load 
or force is taken off the rod the displaced compulsive 
force recovers its normal position about the particles. 
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If, on the other hand, a load or force tending to 
crush the bar is applied to the bar, a contraction in 
the length, with an increase of diameter, is produced, 
and then the further action of the load orforce, ififcis, 
one which the bar can bear easily, is resisted or trans- 
ferred by the particles of the bar from the end at 
which it is applied, to the attachment at the other end. 
This shows that the load or force has produced 
expansion outside the bar about the source or 
centre from which it acts, and has thus displaced 
from outside the bar compulsive force, which inside 
the bar produces contraction in the length of the 
bar, accompanied by a displacement of repulsive 
force from the ends towards the sides of the particles 
in the bar, where the action of the displaced repul- 
sive force produces expansion ; also, that the par- 
ticles of the bar, when thus expanded laterally, are 
able to transfer the force communicated to them by 
the load at one end to the attachment at the other 
end, in a way they could not do until they were 
thus expanded latei'ally. When the load or ibi-ce is 
taken off, the displaced repulsive force recovers its 
normal position about the particles of the bar. 

We may Lere notice that both compulsive and 
repulsive force are competent to produce, when 
they are applied to a bar of which the end opposite 
to that at which the force is applied is secured to 
some mass of matter able to receive force from the 
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', contraction in length coupled with lateral ex- 
pansion, or elongation coupled with lateral contrac- 
tion, or in other words to act either aa a rending or as 
a crashing force according as the end where the force ' 
is applied is nearer to or more distant than the other 
end from the centre about which the force acts, Com- 
pnlsive force, on the one hand, produces elongation 
coupled with lateral contraction in the way already 
explained, when the end of the bar at which it is 
applied is nearer to the centre about which the 
force acts than the other end is, and under the same 
circumstances repulsive force produces contraction 
in length coupled with lateral expansion. Again, 
compulsive force, on the other hand, produces con- 
traction in length from the direct action of compul- 
sive force, and lateral expansion from the action of 
displaced repulsive force, when the end of the bar at 
which it is applied is more distant than the other 
end from the centre about which the force acts ; 
whilst under the same circumstances repulsive force 
produces elongation from the direct action of re- 
pulsive force coupled with lateral contraction from 
the action of displaced repulsive force in the way 
already explained. 

If a rending load or force greater than the bar is 
able to bear is applied to the bar, the bar will yield 
to the force or load, and be torn in two, its par- 
ticles being unable to transfer the whole of the 
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force tlie bar receives, owing to the large amount 
of compElaive force displaced, from the ends of its 
particles. The detached portion of the bar movea 
to or from the centre or source abont which the 
rending force acts, imtil it reaches some position 
where it is able to transfer to the particles of some 
other mass the force it receives, or the excess of force 
it has received ; or until it reaches some place 
where the load or force ceases to act on it. 

If, on the other hand, a crushing load or force 
greater than the bar is able to bear is applied to 
the bar, the particles of the bar being unable to 
transfer, in their then position, the whole of the 
force they receive, owing to the targe amount of 
repulsive force displaced from the ends of the 
particles, will yield to the action of the load or 
force, and the bar will be crushed, the broken parts 
moving to some fresh position either towards or 
away from the centre or source abont which the 
force acts ; where either they will be able to transfer 
the whole of the force they receive, or where the 
load or force will cease to act upon them. 

43. If, now, we attach, to the end of a steel or 
other bar, a small block of wood, and then, placing 
the block with the bar attached to it so that the 
block and bar may rest on the ground, apply force 
to the bar in the direction of its length, we aii&ll 
find thatj the block being small, the block and the 
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bar with it can be moved easily either towards or 
away from the source or centre about which the 
force acts, according as the force is one of compul- 
sion or one of repulsion. 

If the size of the block of wood is largely 
increased, the description and density of the 
wood being unaltered, we shall find that, under the 
same force applied in the same way as before, the 
block and bar will move much more slowly and to 
a shorter distance if the force consists of a single 
impulse, than before. 

If the size of the block of wood is continually 
increased, it wiU be found, in the end, that the 
same force, which moved the small block easily, 
will fail altogether to move the block when it is 
made very large. From what we have already 
learnt in regard to the transfer of force, it is clear 
that the very large block, containing, as it does, a 
very large number of particles, and having a large 
surface and therefore a large number of particles in 
contact with the ground and with the particles of 
the air, is able to transfer to the ground and to the 
air all the force which it receives. On the other 
hand, the small block containing but a small num- 
ber of particles, and being therefore in contact with 
only a comparatively small number of particles of 
the ground and of the air, is unable to transfer by 
that small number of particles the whole of the 

F 2 
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force it receives; hence it moves under the force 
nntil the whole of the impulse of force has been 
expendedj or nntil some position is reached where 
the block is able to transfer the whole of the force 
it receives, either because the position is a favour- 
able one for transferring force, or because in it a 
dimiDished quantity of force reaches the block. 

When heat is applied to a body, we find, if the 
body is what is called a good conductor of heat, and 
has a large extent of its surface exposed to the air, 
or in connexion with some other substance also a 
good conductor of heat, that sometimes the same 
amount of heat, which melts the body easily when it 
is enclosed by some substance which is a bad con- 
ductor of heat, and when the air is at the same time 
excluded, will altogether fail to melt the body when 
it is thus exposed to the air, or in contact with a 
Bubstance which is a good conductor of heat. From 
this it is plain that the body melts when it does 
melt because its particles are unable to transfer 
heat to the particles of the air, or of the sides of the 
vessel in which it is heated, ar. rapidly as it receives 
heat. If the body, after it is melted, is confined 
by the sides of the vessel, or in some other 
way so as to be unable to move away, it will, if 
the heat is sufficiently great, assume the gaseous 
form and then escape in the form of a gas, being 
unable in any other way to transfer the heat it 
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receives. We have seen already that when a qniiD- 
tity of gaa, in a stout cyhnder closed at one end and 
furnished with a piaton, is compreaaed by the ap- 
plication of force to the piaton tending to drive it 
down the cylinder, the gaa will, if it la unable to 
transfer the compulsive force thus communicated to 
it as fast as it receives it, and if at the same time 
the gas ia deprived of a suiBcient quantity of heat, be 
condensed into the liquid and ultimately into the 
Bolid state, in which the maximum amount of con- 
densation will have been attained. 

From all these experiments, beginning with that 
with the bar, which resisted the action of a force 
applied gradually, but broke under the same force 
applied suddenly, we learn that particles in a mass 
of matter, not only hold together aa we have before 
Been by the action of compulsive force, permanently 
or in a measure permanently impressed upon the 
central atoms of all, and acting between the central 
atoms of contiguous particles, so aa to draw them 
together particle to particle ; and keep apart by the 
action of repulsive force, permanently or in a mea- 
sure permanently impressed upon the central atoms 
of all particles, and acting by thrusting apart the 
central atoms of contiguous particles one from the 
other ; hut also that particles in a mass of matter 
hold together by transferring to the particles con- 
tiguous to them what we may call the temporarily 



70 



Light (he Dominant Force 



impressed impulaes or efforts of direotional compul- 
sive force, which tend to draw the maae, as a whole, 
or in part, in the direction oF the centre or source 
abont which the force actsj and of direcbiona! repul- 
sive force which tend to drive the mass, in part, or 
as a whole, in a direction away from the centre or 
source about which the force acta. 

So lou^ as the particles of a mass are able to 
transfer, to one another through the raase, and to 
particles of other substances outside the mass, the 
whole of the force in these temporarily impressed 
impulses, or efforts of directional force, which are 
communicated to them, there will be no motion of 
the mass as a whole, or a disintegration of it in part. 
But if the particles of the mass fail to transfer, or 
to pass on from one to the other the whole of these 
efforts or impulses of force, then a disintegration to 
a greater or less extent of the mass will ensue j or 
if the surface particles of the mass fail to transfer 
the whole of these efforts or impulses of force to 
the particles of surrounding masses of matter, then 
the mass as a whole will move under the force. 
When the mass is disintegrated, the portions sepa- 
rated from it move, or when motion of the whole 
mass takes place, the mass as a whole moves, either 
towards or away from the source or centre about 
which the force causing the motion acts, according 
as the force is one of compulsion, or of repulsion. 
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44 We thus learn that there are two kinds of 
Motion corresponding to the two kinds of force 
which we have seen to be acting. These two kinds 
of Motion are, motion towards a centre or source of 
force due to the action of compulsive force ; and 
motion away from a centre or source of force due to 
the action of repulsive force. 

45. If no change of position of the mass, whether 
as a whole or in part, takes place under the action 
of an impulse of force, we can understand, if we turn 
to Fig. 6, and taking any row of cubes in that figure 
consider the row of cubes to represent, on an enor- 
mously enlarged scale, a bar made up of a single row 
of particles, how the impulse of force is transferred 
from one side to another of the mass. For if the top 
particle of the row selected receives an impulse of 
compulsive force, it is clear that the first effect of 
the impulse of compulsive force will be to draw 
towards the top or first particle the one next below, 
or the second particle, thus displacing repulsive force, 
which drives the second and third particles further 
apart. The impulse then passing on draws the third 
particle to the second, thus displacing repulsive 
force, which drives the third and fourth particles 
further apart. 

An impulse of repulsive force, on the other hand, 
first drives the second particle away from the first, 
displacing compulsive force from between them, and 
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forcing with the displaced compulsive force the 
second particle closer to the third. Next the impulse 
drives the third particle away from the second, thus 
displacing compulsive force between the second and 
third particles, and forcing the third aud fourth par- 
ticles closer together, aud so on. 

We thus see that when increments of compulsive 
force are propagated from any centre or source of 
force, the passage of the impulses outwards is 
marked by an expansive, or extensive action, fol- 
lowed by a compressive, or contractile action between 
the particles. 

When increments of I'epulsive force, on the other 
hand, are propagated outwards, the passage outwards 
of the force impulses is marked by a compressive 
followed by an expansive action between the 



46. We have seen that when two blocks of wood 
of the same description and density, but of different 
sizes, were attached to a bar, and laid on the ground, 
under the same impulse of force, the larger block 
moved leas rapidly and to a shorter distance than 
the smaller block did. The reason of this, plainly, is 
because the larger block contains a greater number 
of particles and has a larger surface in contact with 
the ground and the air ; hence its particles are in 
contact with and transfer force to a larger number of 
particles of the ground and of the air ; 
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being heavier in weight, and therefore having its 
particles in closer contact with the particles of the 
ground, the larger block is able to transfer force 
more readily than the smaller block. The effect of 
. motion is, plainly, to bring the particles of the block 
into contact with fresh particles of the ground and 
of the air; and the greater the distance through 
which the block moves, the greater, plainly, will be 
the number of particles of the ground with which 
the particles of the block come in contact ; hence it 
may happen that when the smaller block travels over 
the larger distance its particles may come in contact 
with the same number of particles of the ground as 
the larger number of particles of the larger block 
moving over a shorter distance come in contact 
with. 

If the block of wood, when moving under the 
action of force horizontally over the surface of the 
ground, impinges against any obstacle, it will be 
stopped, if the obstacle is able to receive from the 
block the whole of the force under which the block 
is moving. The obstacle, having thus received the 
whole of the force under which the block was moving, 
will, then itself, move on, if it is unable to transfer 
to particles of other substances the whole of the force 
it has received ; or if able to transfer the whole of 
the force it has received, the obstacle will remain 
motionless. 
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If an elftstic solid bodj, moving under the action 
of a force, which it is unable to transfer to substancea 
in contact with it, impinges against another elastic 
solid body in such a way that the direction of the 
force under which the body is moving is perpendi- 
cular at the point of impact to the surface of the 
solid impinged upon; then if the particles of the 
body impinged upon at the point of impact are able 
to transfer force to the other particles of the body 
and these in their turn to the particles of other sub- 
stances in contact with the body, at the surface, as 
rapidly as force is received by them from the im- 
pinging bodyj there will be no motion in the body 
impinged upon ; but instead that body will transfer 
to the impinging body the whole of the opposite 
force displaced from its particles by the force received 
from the impinging body j and the amount of the 
opposite force displaced being equal to the amoiitit 
I received, the impinging body, if it has transferred 

B the whole of the force under which it was first 

I moving, will move back after impact in the opposite 

P direction, with force of the same amount as, but of 

r the opposite kind to that under which it was moving 

I before impact. 

I If under the same circumstauces the particles of 

I-' the body impinged upon are able to transfer, to the 

I particles of other substances, only a part of the force 

H which they receive from the impinging body; then 
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the body impinged upon will move under the portion 
of the force its particles were unable to transfer, in 
the same direction as the impinging body was moving 
before impact ; whilst the body impinged upon will 
transfer to the impinging body an amount of the 
opposite force to that received from the impinging 
body, equal to that portion of the force received, 
which the particles of the body impinged upon were 
able to transfer to the particles of other substancea 
in contact with them. 

If the impinging body fail to transfer to the body 
impinged upon the whole of the force under which 
it was moving before impact, the portion of the force 
which remains untransferred may be reflected and 
may act after impact about a centre sitnated in the 
opposite direction to that in which the centre was 
situated about which it acted before impact. 

If the surface of the body impinged upon is smooth, 
and if at the same time the direction of the force 
under which the impinging body is moving is not 
perpendicular to the plane of the surface of the solid 
impinged upon at the point of impact, then if the 
body is considered to be moving under the action of 
two forces, one acting in a direction perpendicular to 
the surface of the solid impinged upon at the point of 
impact, and the other, in a direction parallel to the 
anrface of the solid at the point of impact, the im- 
pinging body wil! transfer to tho body impinged 
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upon the whole of the force acting in a direction per- 
peEdiculfir to the surface of the solid impinged upon 
at the point of contact, retaining the force acting in 
a direction parallel to that surface, and receiving, 
from the body impinged upon, such an amount of the 
opposite force to that which tt communicated to 
the body impioged upon, as will represent the 
amount of force displaced by that portion of the 
force which the particles of the body impinged 
upon are able to transfer away as rapidly aa they 
receive it. The impinging body after impact will 
move off under the action of two forces : one, the force 
which acting in a direction parallel to the surface of 
the body impinged upon, was not transferred to that 
body ; the other, a force acting in a direction perpen- 
dicular to the surface of the body impinged upon at 
the point of impact, displaced from the body im- 
pinged upon by the force tranaferred from the 
impinging to the impinged upon body, and trans- 
ferred from the impinged upon to the impinging 
body. If thi3 impinging and impinged upon bodies 
are perfectly elastic the impinging body will receive 
from the body impinged upon the same amount of 
force aa, but of the opposite kind to, that which it 
transfers to the body impinged upon ; hence after 
impact the impinging body will move away in a 
direction inclined away from the surface of the body 
impinged upon at the point of impact at the same 
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angle as the direction of the moving body was 
inclined before impact towards the snrface of the 
body impinged upon at the point of impact. 

If the impinging body fail to transfer by impact 
the whole of the force acting in a direction perpen- 
dictdar to the surface of the body impinged upon at 
the point of impact the portion of the force untrans- 
ferred may be reUected and may then act upon the 
body after impact iu addition to the two forces men- 
tioned above. 

If the solid impinged upon is not perfectly elastic, 
the force received by it, from the impinging body, 
upon impact, will to a greater or less extent cattse a 
permanent compresaionj or extension, in a part op 
in the whole of the particles of the body impinged 
upon and a proportionate reduction will be made in 
the quantity of force to be transferred by the par- 
ticles of the body impinged upon. 

47. If when a block of wood attached to a bar is 
moving over the surface of the ground nnder the 
action of a force the block passes off the ground on 
to some other surface, such as an iron, or a wooden, 
or a smooth ice surface, or on to a rougher surface 
than that of the ground on which it was moving 
before, we shall find that the block, which moved, 
slowly over the ground, ivill under the same force 
apphed in the same way move much more rapidly 
and to a much greater distance over the ice than it 
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did over the groiind; we shall find abo that in 
passing over the other surfaces the block will move 
more rapidly over some than it does over others. 
We have already seen that when under the same 
impulse of force applied in the same way one block 
of wood travels more rapidly and to a greater dis- 
tance over the same surface of tho ground than 
another, it is because the body which moves fast 
transfers force more slowly than the other body to 
the surface o£ the ground. When therefore wo 
now find that the same body, under the same im- 
polse of force applied in the same way, travels more 
rapidly, and to a greater distance, over some sur- 
faces than over othersj we may conclude that the 
reason ia because some surfaces are better fitted 
than others to take force from a body moving over 
them; and that it is over the surfaces which are 
beat fitted to take force from a moving body that 
the body moves with the least rapidity and to the 
shortest distance. We shall find that there are 
two desciiptions of surfaces over which a body 
moves slowly, namely rough surfaces and adhesive 
surfaces. We can understand that when a body 
moves over rough surfaces, portions of the body 
may get entangled, or interlocked, with projecting 
portions of the rough surface and that then force 
will be transferred by the moving body to the 
rough surface by tho impact and consequent grind- 
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angle as the direction of the moving body was 
inclined before impact towards the surface of the 
body impinged upon at the point of impact. 

If the impioging body fail to transfer by impact 
the whole of the force acting in a direction perpen- 
dicidar to the surface of the body impinged upon at 
the point of impact the portion of the force untrana- 
ferred may be reflected and may then act upon the 
body after impact in addition to the two forces men- 
tioned above. 

If the solid impinged upon is not perfectly elastic, 
the force received by it, from the impinging body, 
upon impactj will to a greater or less extent cause a 
permanent compression, or extension, in a part or 
in the whole of the particles of the body impinged 
upon and a proportionate redaction will he made in 
the quantity of force to be transferred by the par- 
ticles of the body impinged upon. 

47. If when a block of wood attached to a bar is 
moving over the surface of the ground under the 
action of a force the block passes off the ground on 
to some other surface, such as an iron, or a wooden, 
or a smooth ice surface, or on to a rougher sur&ce 
than that of the ground on which it was moving 
before, we shall find that the block, which moved 
slowly over the ground, will under the same force 
applied in the same way move much more rapidly 
and to a much greater distance over the ice than it 
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of the liquid or gas by friction of both binds : also 
that particles of a liquid or gas in motion may 
transfer force either by impact, or by friction of 
both kinds, to the particles of a solid against which 
they impinge, or over which they pass ; or to the 
particles of any liquid, or gaseous mass over, or 
through, which they pass. 

We shall find that masses of a liquid, or of a gas, 
which impinge upon smooth solid surfaces, when 
moving in a direction, which is not perpendicular 
to the surface of the solid, are deflected in the same 
way that solid bodies, impinging on other soHd 
bodies, under the same circumstances, are deflected. 
In this way the action of bends in pipes or cliannela 
may he explained. 

A mass of liquid or of gas confined in a stout 
cylinder fitted with closely fitting pistons at either 
end will transfer force from one piston to the other 
in the same way that a solid bar transfers force. 

50, We have hitherto dealt, except in the case of a 
body moving after impact with another body under 
the action of two forces, with motion under the action 
of a single force ; but it is clear that bodies very 
often move under the action of the forces both of 
compulsion and repulsion acting at the same time, 
about different centres. Thus, for example, a pro- 
jectile fired from a gun, whilst moving in a hori- 
Bontal direction, under the action of the expansive, 
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or repulsive force, communicated by the explosion 
of gunpowder in the gun, is acted upon by gravity 
and moves under it in a vertical direction. Accord- 
ingly the projectile follows a curved path under 
the two movements. Again, when a ball attached 
to the end of a string is whirled round the head by 
a rotatory movement communicated to the hand ; 
the ball impelled outwards by repulsive force, and, 
at the same time, prevented from moving in a 
straight line by compulsive force, acting about a 
different centre to that about which the repulsive 
force acts, describes under the action of the two 
forces a circular, or an elliptical path, according as 
the hand itself in rotating describes a circular or an 
elliptical path. It is noticeable that both repulsive 
and compulsive force reach the ball by the string. 

If forces of attraction and repulsion acting about 
the same centre are communicated to the body at 
the same time the body will move under which- 
ever of the two forces is the greater, following a 
straight path. Thus a projectile fired from a gun 
vertically up into the air rises until it has trans- 
ferred the whole of the repulsive force communi- 
cated to it by the explosion of gunpowder in the gun, 
and then descends under the action of gravity . 

50a. A mass of any form in motion will rotate 
if one side transfers force better than, and thus 
lags behind, the other side. 

G 
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CHAPTER III. 

CHEMISTRY AND CHEMICAL PHYSICS. 

51. HAViNa thus learnt generally that matter in all its 
forms is made up of different aggregations of certain 
extremely minute bodies or particles of some sixty or 
seventy different kinds differing from each other in 
that in each kind the particles have in the central 
atom existing in every particle a different capacity for 
receiving and a different method of distributing the 
forces of compulsion and repulsion from that which 
prevails in the central atoms of all the other kinds ; 
but resembling each other in that, in all, the particles 
consist each of a central stable atom enveloped in 
an unstable sheath of compulsive and repulsive force, 
by which the particle at once holds on to and holds 
off all particles of every kind contiguous to it, draw- 
ing them nearer when impulses or increments of 
compulsive force reach it, and thrusting them further 
off when increments of repulsive force are received ; 
resembling each other too in that, in all of them any 
particle is able according to its capacity to transfer 
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to, or to receive from any other particle contigooua 
to it increments either of compulsive, or of repulsive 
force, or in the event of any particle being unable 
to transfer increments either of the one force, or of 
the other to the particles contiguous to it, on one 
side, as rapidly as it receives itself like increments 
from particles contignous to it on the other side, 
the particle, thos receiving greater increments of 
force than it is able to transfer, is able to move off 
to some other neighbourhood where either the incre- 
ments of force which it receives are smaller, or the 
amount offeree, it is able to transfer to contiguous 
particles, is larger ; resembling each other, also, in 
that, in each kind for all the particles three states 
exist, namely, the solid, the liquid, and the gaseous, 
in the first of which compulsive force preponderates 
in the force sheath of the particle, and in the last 
repulsive force preponderates, whilst in the inter- 
mediate state the forces more nearly balance each 
other; and lastly resembling each other in that, in 
each of them, every particle is precisely similar in 
every respect to every other particle having the 
same amount of compulsive and repulsive force 
present in its sheath, so that the same grouping or 
airangement as is adopted by any number of parti- 
cles at any time will be adopted under the same 
circumstances by a similar number of the same kind 
of particles at any other time: we may now pro- 
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ceed to consider how far these concluaiona harmonize 
with the teaching of Chemical Science. 

52. We find then from chemistry that all matter 
organic, or inorganic, whether it exiata in the solid, 
hqnid, or gaaeous state, can be resolved into between 
sixty and seventy distinct elementary aubstances : 
and that each of these elementary substances -con- 
sists of an aggregation of exceedingly minate parti- 
cles, all precisely similar to each other at the same 
pressure and temperature ; but different from the 
particles of any other of the elementary sub- 



We thus learu that there are as many diflferent 
kinds of particles aa there are different kinds of 
elementary substances : and that the different kinds 
of particles are named each after the elementary 
substance, which the particles of that particular kind 
form, when being dissociated from particles of every 
other kind, they are collected into masses. These 
elementary aubstances, sixty-fonr in number as far 
as is at present known, are divided into two classes, 
viz., metals and non-metals. 

The chief of the non-metallic elementary sub- 
stances are oxygen, hydrogen, nitrogen, chlorine, 
bromine, iodine, fluorine, carbon, sulphur, phos- 
phorus, arsenic, boron, silicon. 

The chief metallic substances are sodium, magne- 
sium, calcium, potassium, ii'on, copper, lead, tin, 
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zinc, gold, silver, platinum, mercury, nickel, anti- 
mony, bismuth, manganese, aluminum. 

Of these oxygen, hydrogen, nitrogen, and chlorine 
are at the ordinary temperature and pressure of the 
air gases ; though, as Northmore first and subse- 
quently Faraday, Cailletet, and Pictet (see Eoscoe^s 
^^ Chemistry,'^ vol. i.,p. 75, and vol. ii., part ii., p. 521) 
showed, they can all, by the application of pressure, 
which as we have seen is compulsive force acting 
directly, or after displacement, accompanied by the 
removal of heat, which, as we have seen, is repulsive 
force, be reduced to the liquid and solid state. 

The remaining substances metallic and non 
metallic, except bromine and mercury, which are 
liquids, and fluorine, which cannot be dissociated, 
are all solid at the ordinary pressure and temperature 
of the atmosphere, though all, both liquids and solids, 
by the application of heat, or repulsive force, and the 
removal of pressure, or compulsive force, can be con- 
verted into the gaseous condition. So that there is 
no room for doubt that the elementary substances 
are all varieties of one type, and that further than 
this, there is no other difference between them, or 
between the particles of which each of them respec- 
tively is made up. 

53. Now it is found that if masses of any two of the 
elementary gases, such as hydrogen and oxygen, or 
hydrogen and chlorine, are brought together, they 
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do not remaia separate, aa we might anppoBe they 
would, since oxygen is more than fifteen times 
and chlorine is more than thirty-five times heavier 
than hydrogen ; but the particles rapidly intermix, 
and soon a mixture is formed, in which the particles 
of the two gases are uniformly distributed ; the 
particles of the denser {fas with a larger amount of 
compulsive force in their sheaths, take hold of the 
particles of the lighter gas, and thus the particles 
of the two gases arrange themselves, in a aeries of 
similar groups, throughout the mixture. 

54. But though the particles ol' two gases invari- 
ably intermix and arrange themselves in groups, they 
show, if they are elementary gases, no natural tendency 
to enter into the closer union implied in chemical 
combination, and the resulting gaseous mass remains 
a simple mixture, such as is the atmosphere of our 
earth, which is a simple mixture of nitrogen and 
oxygen gaaea. And there is a plain reason for this ; 
for gases, as we have seen, have a very large propor- 
tion of repulsive and a very small proportion of 
compulsive force, in their force sheaths ; and thus 
unless, in some way or other, the particles receive a 
supply of compulsive force to displace a portion of 
the repulsive force in their sheaths and bring their 
central atoms closer together, they are unable to 
draw close enough together to enter luto chemical 
combination. Accordingly, in order to induce the 
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particles in a mixture of hydrogen and oxygen or 
of hydrogen and chlorine gases to enter into chemical 
combination, we must expose the mixture to the 
action of strong light, which, whether in the form 
of sunlight, or of rays from an incandescent solid, 
or of a flame, or of an electric spark, represents, as 
we shall see, an emission of displaced compulsive 
force ; or we must subject the mixture to the action 
of a suddenly applied pressure, as in an explosion, 
in which compulsive force is violently displaced 
outwards ; or we must bring the mixture in contact 
with some solid substance in a porous condition, 
such as spongy platinum, which by the action of 
the compulsive force in the sheaths of the surface 
particles in its pores, is able, in the manner explained 
in paragraphs 24 and 28 to condense the gases in 
its pores to a sufficient extent to effect combination. 
But since, in order to effect the chemical combination 
of gases, it is necessary to apply compulsive and 
displace repulsive force from the force sheaths of 
the particles we shall naturally expect when gases 
combine to find a great emission of heat or repulsive 
force take place. Thus we are not surprised to learn 
that it has been ascertained experimentally (vide 
Roscoe's '^ Chemistry," vol. i., p. 190) that, when 
one grain of hydrogen is burnt with oxygen, 34,000 
heat units are evolved ; whilst when a grain of iron 
is burnt in oxygen only 1576 heat units; or when a 
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grain of copper is burnt only 602 heat anits are 
evolved. Or again to find that, when one grain of 
hydrogen is burnt in chlorine, to form hydrochloric 
acid, HCl, 23,000 heat units are evolved; whilst, 
when one gi-ain of iron ia burnt in chlorine, to form 
iron ses qui chloride, FejClj, only 1 745 heat units ; 
and when one grain of copper is burnt to form copper 
chloride, CuClj, only 961 heat units are evolved. 

Indeed, so great ia the amount of heat, or repulsive 
force, displaced when the particles of two elementary 
gaaea combine, that we find, in some caseB, the result- 
ing corapound is a liquid ; thus the gaaea hydrogen 
and oxygen combine together and form water and 
the gases nitrogen and oxygen combine together to 
form nitrogen peroxide, which is a liquid at the 
ordinary atmospheric pressure and temperature. 

55. Since the particlea of aolida contain a large 
proportion of compulsive force and a amall proportion 
of repulsive force, and thus hold tightly together, 
we can understand how, while in order to induce 
the particles of two elementary gases to unite in 
chemical combination, it is necessary to supply them 
with compulsive force, so as to bring the particlea 
closer together ; on the other hand, to induce the 
particles of two elementary solids to unite in chemi- 
cal combination, it is generally necessary to displace 
compulsive force from the particles and thus loosen 
their hold upon each other either by applying 
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repolsiveforcej by Seating tho sol ids j or by dissolving 
them in Bome liqnid. 

Indeed, so gresit is the amount of compulsive force 
lost when elementary sol ids combine together, that the 
resnlting compound is sometimes a liquid; thus, when 
the elementary solids carbon and sulphur combine to- 
gether, carbon disulphide, OS,, is formed, which is a 
colourlees liquid at the ordinary pressure and tem- 
perature of the atmosphere; again the elementary 
solids sulphur and phosphorus may combine together 
and form sulphur te trap hosp bide, also a colourless 
liquid at the ordinary pressure and temperature of 
the atmosphere. 

The formation of liquids by the combination of 
two solids contrasts in a remartable way with the 
manner in which liquids are formedj as already 
pointed out, by the combina,tion of two gases. 

66. Liquid particles, being mobile, have the same 
tendency to intermix with the particles of other 
liquids, and form groups, that gaseous particles 
manifest ; indeed so strong is the tendency towards 
group forming in liquids that in many cases a liquid 
is able when it comes in contact with solid masses 
to dissolve the masses of solid and to distribute the 
solid particles, plainly, in the group form uniformly 
throughout the liquid mass. However the grouping 
tendency, in the case of the liquid particles, is mani- 
fested to a more limited extent than it is in the 
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case of gaseous particles; since, in the case of 
liquids, it is generally manifested only between 
liquids and liquids or liquids and eolids of the same 
type ; thus water, which is a compound of hydrogen 
and oiygen particles, does not intermix with oil, 
which is a compound of carbon and hydrogen par- 
ticles, The lowering of temperature, which takes 
place when a solid is dissolved in a liquid without 
chemical combination being set up, shows that the 
liquid transfers heat to the solid to looson the bold 
of the particles of the solid upon each other. This 
is further shown by the fact that an increase of 
temperature usually enables the liquid more readily 
to dissolve the solid. 

57. We have seen that elementary aolida do not 
combine readily with other elementary solids, owing 
to the tight hold the particles have upon each other, 
from the large amount of compulsive force present 
in the sheaths of their particles ; also that elementary 
gases do not combine readily with other elementary 
gases, owing to the large amount of repulsive force 
present iu their envelopes. But since solids and 
gases viewed separately each possess in their par- 
ticles, BO to speak, an excess of the force required 
by the other to induce chemical combination, we 
shall be prepared to learn that particles of elemen- 
tary solids combine more readily with particles of 
elementary gases than solids do with sohds or gases 
with gases; and this indeed we find to be the 
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case, for many elementary solids, when exposed 
to the air commence at once to combine with 
the oxygen of the air. When a solid thus com- 
biues with a gas, we may assume naturally that 
the particles of the solid will lose compulsive force 
and the particles of the gas will lose repulsive 
force and that the resulting compound will be either 
a soft solid, a liquid, or a dense gas. Accordingly 
we find that when the elementary gas oxygen 
combines with any of the metals the compound is a 
soft solid, such as the common substance iron rust, 
which is a ferric o^ide, FejOs, formed by the com- 
bination of oxygen particles with particles of the 
metallic elementary substance iron : also when the 
elementary gas chlorine combines with elementary 
solids, in many cases the resulting compound is a 
liquid, such for example as the substances sulphur 
monochloride, dichloride, and tetrachloride, which 
are all liquids, and which are combinations of chlorine, 
in different proportions, with the elementary solid 
sulphur : further, when the elementary gas hydrogen 
combines with any of the elementary solids, the 
resulting compound is generally a gas such as 
methane, or marsh gas, CH4, a compound of hydro- 
gen with carbon, or sulphuretted hydrogen, HjS, 
a compound of hydrogen with sulphur. 

Since, whenever elementary solids combine with 
gases, compulsive force is, as we have seen, lost 
by the particles of the one and repulsive force is 
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lost by the particles of the otlier, we may expect to 
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force, that while solida are thus combining with gaaes 
an evolution of light and heat will take place. And 
we find, indeed, that when elementary solids and 
gases energetically combine together, an evolntion 
of hght and heat in a very marked degree takes 
place ; as, for example, when the elementary solids 
carbon, phosphorous, sulphur, or iron are burnt in 
oxygen, a brilliant light and a large amount of heat 
mark the progress of the combustion. The fact that 
iron and other substances may be slowly oxidized 
without any sensible evolution of light or heat 
occurring, in no way invalidates the accuracy of our 
conclusions ; for we can understand that the same 
amount of light or heat, which, if evolved rapidly, 
will make a great impression upon our senses, 
may be absolutely inappreciable if it is evolved 
so slowly that its disengagement covers a long 
period, 

58. We may now for a while study critically, in 
the way first pointed out by Dalton, some of the 
various combinations, which particles of different 
kinds form with one another. 

We find then that when particles of nitrogen 
combine with particles of oxygen one or other of the 
following combinations will be formed : — 

Ist. Nitric oxide, NO, may be Formed, in which 
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about 14 parts by weight of nitrogen are combined 
with ] 6 parts by weight of oxygen. 

2nd. If additional oxygen is added to the nitric 
oxide; the 14 parts by weight of nitrogen will then 
take 32 or 16 i- 16 parts by weight of oxygen, and 
the substance nitrogen peroxide will be formed. 

3rd. Nitrous oxide may be formed, in which 28 or 
14 + 14 parts of nitrogen are combined with 16 
parts by weight of oxygen, 

4tL Nitrogen trioxide may be formed, in which 
28 or 14 4- 14 parts of nitrogen are combined with 
48, or 16 + 16+ 16 parts by weight of oxygen. 

5th. Nitrogen pentoxide may be formed, in which 
28, or 14 4- 14 parts of nitrogen are combined with 
80 or 16 4- 16 + 16 + 16 + 16 parts of oxygen. 

We thus see that 14 parts by weight of nitrogen 
may combine either with 16, or 16 + 16 parts by 
weight of oxygen, and that 14 4- 14 parts of nitrogen 
may combine with 16 or 16 4- 16 4- 16, or with 
16 4- 16 4- 16 4- 16 4- 16 parts of oxygen; also 
that the proportion by weight of nitrogen is either 
14 or twice 14, whilst the proportion by weight of 
oxygen is either 16 or twice or three times or five 
times 16, i.e. always 16 or a multiple of 16. 

Again, when sulphur combines with oxygen, we 
find that one of the three following compounds is 
formed : — 

1st. Sulphur dioxide, SOj, in which 32 parts by 
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weight of sulphur combine with 32 or 16 + 16 
parts by weight of oxygen. 

Sad. Snlphnr trioside, SOj, in which 32 parts by 
weight of snlphnr combine with 4tJ, or 16 + 16 + 16 
parts by weight of oxygen. 

3rd. Sulphur sesqiiioxide, SjOj, in which 64, or 
32 + 32 parts by weight of sulphur combine with 48 
or 16 + 16 + IG parts by weight of oxygen. 

Here again we notice that the proportion by 
weight in which oxygen combines with aalphur is 
always a mnltiple of the number 16. 

So also when hydrogen combines with oxygen 
two compounds may be formed, via. : — 

lat. Water, HjO, in which 2, or 1 -*- 1 parts by 
weight of hydrogen combine with 16 parts by 
weight of oxygen. 

2nd. Hydrogen peroxide, HjOj, in which 2, or 
1 + 1 parts by weight of hydrogen combine with 32 
or 16 + 16 parts by weight of oxygen. 

Here once more we find oxygen combining by 
weight in a proportionj which ia represented by 
16, or a multiple of 16. 

So too when hydrogen combines with nitrogen, 
it forms one compouncl, ammonia NH„ in which 
14 parts by weight of nitrogen combine with 3, or 
1+1 + 1 parts by weight of hydrogen. 

Here we notice that hydrogen and nitrogen com- 
bine together in a proportion by weight represented. 
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in the case of the one, by a multiple of 1, and in 
the case of the other, by the number 14; whilst, as 
we have already seen, the proportion by weight in 
which hydrogen combines with oxygen is also a 
multiple of 1, and the proportion by weight in which 
nitrogen combines with oxygen is represented by 14 
or a multiple of 14. 

So likewise, when hydrogen combines with sulphur, 
two compounds are formed, viz. : 

1st. Sulphuretted hydrogen, HjS, in which 2, or 
1 + 1 parts by weight of hydrogen combine with 
32 parts by weight of sulphur. 

2nd. Hydrogen persulphide, H2S2, in which 2, or 
1 + 1 parts by weight of hydrogen combine with 
64 or 32 + 32 parts by weight of sulphur. Here 
likewise we find sulphur combining with hydrogen 
in the same proportion by weight, viz. 32, or a 
multiple of 32, in which it combines with oxygen ; 
and hydrogen also combining in the same propor- 
tion by weight, viz. a multiple of 1, as it combines 
with oxygen. If, in the same way, we follow 
oxygen through the many thousands of compounds, 
which it forms, we shall find that the proportion 
by weight in which it combines is always 16, or a 
multiple of 16; similarly we shall find that in all 
the compounds, which hydrogen forms, the pro- 
portion by weight in which it is combined is always 
1, or a multiple of 1 ; similarly the proportion by 
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weight in which nitrogen comhinea ia always 14, 
or a multiple of 1 4, and the proportion by weight 
in which sulphur combines ia always 32 or a multi- 
ple of 32. Likewise each of the other elementary 
subatancea has a combiniug weight peculiar to 
itself, invariably adhered to whether in the smallest 
fragment, or in the largest mass. 

And not only so, but when one of these ele- 
mentary substances displaces another, in a com- 
pound already formed, the proportion of the 
displacing substance, taking the room of the sub- 
stance displaced, is always the same as the pro- 
portion in which the displacing and the displaced 
substances combine together : thus when oxygen 
replaces hydrogen in a quantity of marsh gas, CHi, 
in which 12 parts by weight of carbon are combined 
with 4orl -t-l+l + l parts by weight of 
hydrogen, it is found that 32 or 16 ■\- 16 parts by 
weight of oxygen (which ia the precise weight of 
osygen required to combine with the 4 or 2 -)- 2 
parts of displaced hydrogen in order to form water, 
H,0) will take the place of the 4 parts of hydrogen 
and the gas will be converted into carbonic acid 
gas CO,. 

In this and other ways it can bo shown with 
certainty that the elementary gases oxygen and 
hydrogen consist each of an aggregation of parti- 
cles, and that an oxygen particle weighs IC times 
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as much as a hydrogen particle; similarly that 
nitrogen and sulphur, as well as all the other 
elementary substances, consist each of an aggrega- 
tion of particles, and that a nitrogen particle weighs 
14 times as much, and a sulphur particle 32 times 
as much as a hydrogen particle, and so on, the 
particles of each elementary substance having a 
weight peculiar to itself. 

It can also be shown in this way that every 
hydrogen particle weighs the same as every other 
hydrogen particle, and every oxygen particle the 
same as every other oxygen particle, and every 
sulphur particle the same as every other sulphur 
particle, and so on. An oxygen particle indeed is 
not exactly 16 times as heavy nor is a sulphur 
particle exactly 32 times as heavy as, nor a nitrogen 
particle exactly 14 times as heavy as a hydrogen 
particle ; but these numbers are close enough to 
the real numbers for all practical purposes. 

59. The weight of a particle is the quantity of 
compulsive force a particle receives from the earth 
as gravity, in excess of the quantity it is able to 
transfer to contiguous particles ; thus the weight of 
a particle affords an index of the size of the central 
atom of the particle ; the heavier particle being the 
one with the larger central atom, as we shall see 
further on. 

We have seen that the particles of two gases, 

n 
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Tfliicli come into contactj intermix and arrange 
themselves in a series of groups ; also that tlie 
particles of two liquids, which come into contact ; 
as well as those of a solid intermixed with the par- 
ticles of a liquid, by tho process of solution, fre- 
quently arrange themselves in groups ; tt will now 
be apparent that, in compounds, the particles are 
arranged in groups, each group having the same 
number of particles, and the same proportion, of 
the several kinds of particles of which the compound 
is made up as every other group in the compound 
has. And when then we meet with such a com- 
pound, for example, as nitrogen peroxide, in which 
14 parts by weight of nitrogen are combined 
throughout every part of the mass with 16 + 16 
parts by weight of oxygen, knowing that the com- 
bining weight of a particle of nitrogen is 14 and 
that of a particle of oxygen is 16, we shall under- 
stand that nitrogen peroxide is a substance made 
up of an aggregation of groups of particles each 
containing one nitrogen and two oxygen particles. 
Similarly sulphur dioxide, in which, throughout, 32 
parts by weight of sulphur are combined with Iti 
+ 16 parts of oxygen, will, since the combining 
weight of sulphur is 32, be seen to be a substance 
made up of groups of particles each containing one 
sulphur united to two oxygen particles. Similarly 
water, in which 1 + 1 parts by weight of hydrogen 
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are combined with 16 parts bj weight of oxygen, 
will, siuce the combining weight of hydrogen is 
1, bo seen to be made up of groups of particles in 
which two hydrogen are united to one oxygen 
particle. So also ammonia, in which, aa we have 
seen, 14 parts by weight of nitrogen are combined 
with 1 + 1 + 1 parts of hydrogen, will be seen 
to consist of groups of particles in each of which 
a nitrogen particle is united to three hydrogen 
particles. Also hydrochloric acid, HCl, in which 
1 part by weight of hydrogen is combined with 
35'6 parts by weight of chlorine will, since 35'ij 
represents the combining weight of chlorine, be 
seen to consist of gronpa of particles in which one 
hydrogen is united to one chlorine particle. 

60. But now, as Gay Luaaac first showed, gases 
besides combining by weight combine also by 
volume ; and although, as wo have seen, 1 part by 
weight of hydrogen combines with 35'5 parts by 
weight of chlorine to form hydrochloric acid, it is 
necessary also, in order to form hydrochloric acid, 
that equal volumes of hydrogen and of chlorine 
should be taken. When two volumes of hydrogen 
and chlorine thus combine two volumes of hydro- 
chloric acid arc obtained ; showing that the gases 
occupy the same volume after as they did before 
combination took place. Now since in the forma- 
tion of hydrochloric acid every particle of chlorine 
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takes to itself a particle of hydrogen, it follows that 
there must be before combination takes place as 
many hydrogen particles as there are chlorine par- 
ticles. But before combination takes place the 
volume of hydrogen must be, as we have seen, 
equal to the volume of chlorine; it therefore follows 
that a chloi'iue aud a hydrogen particle must have 
the same volume. But siuce a chlorine particle ia 
35 times as heavy as a hydrogen particle and must 
therefore have a proportionately greater amount of 
compulsive force present in its force sheath and 
must have the central atoms of its particles pro- 
portionately closer together, it appears almost 
certain that the central atoms of chlorine particles 
are larger than those of hydrogen particles. 

On the other hand, in the formation of water, in 
which the groups consist, as we have seen, of two 
pai-ticles of hydrogen united with one particle of 
oxygen, it ia necessary to take three equal volumes 
of gas, namely, two of hydrogen and one of oxygen : 
but now, two volumes only and not three volumes 
of steam or gaseous water will be obtained ; or two- 
thirds of the volume of gas consumed ; or tho same 
quantity as if one volume of oxygen bad been simply 
mixed with one volume of hydrogen. From this, 
since, in forming water, every osygen particle, as 
we have seen, takes to itself two hydrogen particles, 
aud in order that combination may take place twice as 
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many liyilrogeii particlea must therefore be provided, 
as there are oxygen particles, it is apparent that 
before combination takes place a hydrogen particle 
has the same volume as an oxygen particle ; but 
after combination has taken place the two hydrogen 
particles then occupy only the same volume, as a 
single hydrogen particle occupies when uncombined, 
or as the single oxygen particle occupies in each of 
the groups of which water is made up. Since an 
uncombined particle of hydrogen has the same 
volume as a particle of oxygen, and yet the oxygea 
particle is, as we have seen, sixteen times aa heavy as 
the hydrogen particle, it seems clear that the central 
atom of an oxygen must be proportionately larger 
than the central atom of a hydrogen particle. 

Again, in the formation of ammonia, NHj, in 
which the groups of particles consist of one particle 
of nitrogen united with three particles of hydrogen, 
it is necessary to take four equal volumes of gaa, 
of which one volume must be nitrogen and three 
volumes hydrogen : but only two and not four 
volumes of ammonia will bo obtained ; or, one- 
half of the volume of gas consumed ; or the same 
volume, as would have been ofataioed, if one volume 
of nitrogen and one of hydrogen had been simply 
mixed together. From this it is apparent that a 
particle of hydrogen before combination tabes place 
occupies the same volume as a particle of nitrogen ; 
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but after combinatioa has taken place three hydro- 
gen particles then occupy only the same volume 
aa a aingle hydrogen particle, when unconibined 
occupies, or as the single nitrogen particle occupiea 
in each of the groups of which ammonia is made up. 
61. We have seen that, when two particles of 
hydrogen combine with a particle of oxygen to 
form one of the groups of particles of which water 
is made up, the two particles of hydrogen are con- 
densed to the same volume aa a single particle of 
hydrogen occupies when uncombined; alao that 
when three particles of hydrogen are combined with 
a single particle of nitrogen to form one of the 
groups of particles of which ammonia is made up 
the three particlea of hydrogen are condensed to 
the same volume aa a single particle of hydrogen 
oecapiea when uncombined ; we ahall perhaps see 
further that the increased amount of condensation, 
thus noticeable with the groups containing the 
larger number of particlea, explains the reason why, 
when, from the combination of an elementary solid 
with an elementary gas, a substance is formed 
which at the ordinary pressure and temperature of 
the atmoaphere, is in the liquid or in the gaseous 
state and which has, in the groups of particles of 
which it is made up, only a amall number of particles 
of the gaa combined with particlea of the solid, the 
addition of a further quantity of the gas whereby 
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the proportion of gaseous particlea in each group 
of particles ia increased, it is that the compnund 
somefcimea aaaumea at the ordinary pressure and 
temperature of the atmosphere the solid form, in 
place of approximating more and more nearly to 
the nature of its gaseoua constituent, as we might 
imagine from the larger proportion of the gas in 
its composition, it would do. Thus for example 
when chlorine ia added to selenium raonochlo- 
ride, SejOlj, a brown liquid having, in each of its 
groups of particles, two particlea of the elementary 
solid selenium combined with two particles of the 
elementary gas chlorine, the effect is to convert the 
monochloride into the tetrachloride, which is a white 
solid body made np of groups of particles, each 
having one particle of aelenium combined with four 
particles of chlorine (Roscoe's " Chemistry," vol. i., p. 
359). Again if oxygen, in presence of a piece of 
heated spongy platinum, is added to sulphur dioxide, 
which ia a colourless gas made up of groups of 
particles, each haviug one atom of sulphur combined 
with two atoms of oxygen, the gaseoua anlphur 
dioxide ia converted into the aolid sulphur trioxide 
made up of groupa of particlea each having one 
particle of snlphnr combined with three particles of 
oxygen, 

62. It may be here remarked that the gaa aulphur 
dioxide is specially interesting because, as Tyndall 
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has sTjown, wlien a beam of sunlight is passed 
throngh a long tube filled with this colourless gas 
a white cloud composed of sulpbur particles and 
particles of the solid aulphur trioxide, makes its 
appearance (Roscoe'a " Chemistry," vol J., pp. 306 — 
311). The formation of the cloud seems to indicate 
plainly that light is a compulsive force since the 
beam of SDnlight is able so far to condense the 
oxygen particles in a portion of the gaseous sulphur 
dioxido as to make them no longer able to hold the 
same number of particles of sulphur as before j and 
is thus able, as it were, to squeeze out a portion of 
the sulpbur, and to convert a portion of tbe gaseous 
sulpbur dioxide into the two solids, sulphur and 
sulphur trioxide, of whicb the cloud is formed. 

63. However, the effect of increasing tbe propor- 
tion of gaseous particles in groups of particles, in 
which particles of an elementary solid are combined 
with particles of an elementary gas, is, wnen, with a 
small proportion of gaseous particles in its gfoupa, 
tbe substance is a solid, the opposite to that which, 
as we have seen, is produced, when, with a small 
proportion of particles of a gas in its gi'oups, the 
substance is a gas or a liquid, since the solid is 
frequently converted into a liquid or into a gas, 
instead of the liquid or the gas being converted into 
a solid, and this is more frequently noticeable with 
hydrogen compounds, or in compounds of oxygen, 



of the Universe. 105 

or cHlorine with a metal, than in compounds of 
oxygen with a non-metal. Thus hydrogen tetra- 
phosphide, P4H2, in which the groups are composed 
of four particles of phosphorus combined with two 
of hydrogen, is a solid : hydrogen diphosphide 
P3H4, in which the groups are composed of two 
particles of phosphorus combined with four par- 
ticles of hydrogen, is a liquid : whilst hydrogen 
phosphide, PH3, in which the groups are com- 
posed of one particle of phosphorus combined with 
three of hydrogen, is a gas (Roscoe^s " Chemistry/' 
vol. i., p. 474). 

Again, vanadium dichloride, in which the groups 
are composed of one particle of the metal vanadium 
combined with two of chlorine, and vanadium tri- 
chloride, in which the groups are composed of two 
particles of vanadium combined with six of chlorine, 
are both solids ; whilst vanadium tetrachloride, in 
which the groups are composed of one particle of 
vanadium combined with four particles of chlorine, 
is a liquid (Eoscoe'3 " Chemistry,^' vol. ii., part 2, 
p. 294). 

Again, manganese dioxide, MnOj, in which the 
groups are composed of one particle of the metal 
manganese combined with two particles of oxygen, 
is a solid; whilst manganese heptoxide, MujOy, in 
which the groups consist of two particles of man- 
ganese combined with seven particles of oxygen. 
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ia a liquid (Eoscoo'a "Chemistry," vol. ii.j part 
2, p. 5). 

64. We have seen that in hydro cliloric acid the 
groups are composed of one particle of hydrogen 
combined with one particle of chlorine ; we find also 
that besides those of chlorine the particles of some 
other elementary substances such as bromine and 
iodine are able to take to themselves only a single 
particle when combining with hydrogen; thus we 
have hydro bromic acid, in which .the gronpa consist 
of a single particle of bromine united to a single 
particle of hydrogen ; and hydriodic acid, in which 
the groups are made up of a single particle of 
iodine united to a single particle of hydrogen. We 
find also that there are other elementary substances, 
such as oxygen and sulphur, whose particles cannot 
unite singly with less than two particles of hydro- 
gen; thus oxygen combining with hydrogen forms 
water, H^O, in which the groups consist of a single' 
particle of oxygen united to two particles of hydro- 
gen ; and sulphur combining with hydrogen forms 
sulphuretted hydrogen, HjS, in which the groups are 
made up of a single particle of sulphur united to 
two particles of hydrogen. No compound is known 
in which the groups are made up of single particles 
of oxygen united to single particles of hydrogen ; 
nor is any known in which the groups ai-e made up 
of single particles of sulphur united to single par- 
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ticlea of hydrogen, though the compound hydrogea 
peroxide, H,0;, is known, in whicli the groups 
consist of two particles of oxygen united to two 
particles of hydrogen ; and the compound hydrogen 
peraulphide is known, in which the groups consist 
of two particles of sulphur nnited to two particles 
of hydrogen. Hence we see that there must be 
some difEerence between the force sheaths of par- 
ticles of the chlorine and bromine type and those of 
particles of the oxygen and sulphur type to account 
for the fact, that while single particles of elementary 
substances of the one type are satisfied with single 
particles of hydrogen, single particles of elementary 
substances of the other type must get two particles 
of hydrogen. 

Again, there are other elementary sabstances, 
such as nitrogen and phosphorus, whoso particles 
cannot unite singly with less than three particles of 
hydrogen; thus wo have the compound ammonia, 
NHj, in which the groups consist each of a single 
particle of nitrogen united to three particles of 
hydrogen. Again, we have the compound phos- 
phuretted hydrogen, in which the groups consist of 
a single particle of phosphorus united to three 
particles of hydrogen. 

Again, there are other elementary substanceB, 
such as carbon, whose particles cannot unite 
singly with less than four particles of hydrogen j 
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tbua we have the componnd marah gas in which 
the groups consist, each, of a single particle of carbon 
united to four particleB of hydrogen, and no com- 
pound 13 known in which the groups consist of 
a single particle of carbon united to a smaller 
number than four particles of hydrogen ; though 
we have etliine, in which the groups consist, each, of 
two particles of carbon united to two particles of 
hydrogen ; and ethylene in which the groups consist, 
each, of two particles of carbon united to four 
particles o£ hydrogen ; and ethane, in which the 
groups consist, each, of two particles of carbon 
united to six particles of hydrogen. 

We thus obtain four classes, in which elementary 
BubstancGS are grouped according to the smallest 
number of hydrogen particles with which their 
particles can singly unite. 

But if in place of taking compounds with 
hydrogen we take compounds with chlorine, an- 
other substance of the same class as hydrogen, we 
find that many substances form with chlorine 
several compounds, in which their particles unite 
singly with, in each case, a different number of 
particles of chlorine ; thus tungsten combines 
with chlorine to form, firstly, tungsten dichloride, 
WCi„ in which the groups consist, each, of a single 
particle of tungsten united to two of chlorine ; 
secondly, to form tungsten tetrachloride, WCI„ in 
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which the groups consist, each, of a single particle 
of tungsten united to four particles of chlorine; 
thirdly, to form tungscen pentachloride, WCI5, in 
which the groups consist, each, of a single particle 
of tungsten combined with five particles of chlorine \ 
and lastly, to form tungsten hexachloride, WClg, in 
which the groups consist each of a single particle 
of tungsten united to six particles of chlorine 
(Eoscoe^s " Chemistry,^' vol. ii., part 2, pp. 202-204). 
Again, iodine combines with chlorine to form, 
firstly, iodine monochloride, I CI, in which the 
groups consist, each, of a single particle of iodine 
* united to a single particle of chlorine ; and secondly, 
to form iodine trichloride, in which the groups 
consist, each, of a single particle of iodine united to 
three particles of chlorine. Hence besides classify- 
ing elementary substances according to the smallest 
number of particles of some other elementary sub- 
stances, with which their particles respectively can 
singly unite ; we may also classify them according 
to the greatest number of particles of some sub- 
stance such as chlorine, with which their particles 
singly can unite. 

We have seen that in tungsten hexachloride, the 
groups are composed of a single particle of tungsten 
united to six particles of chlorine (we shall find no 
compound in which the groups consist of a single 
particle of any substance united to more than six 
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particles of any other substance. And this plainly 
ia an important point to notice, since it may help 
as in ascertaining the number of bonds or points of 
attachment in the force sheaths of particles). We 
shall find other elementary snbafcancea forming cora- 
ponndsj such as phosphorus pentachloride, PCli, or 
antimony pentachloride, SbCIs, in which the groups 
consist of single particles of phosphorus, or of 
antimony, united with five particles of chlorine. 

We shall find other elementary Kubstances, such 
as manganese, vanadium, titanium, &c., whose par- 
ticles, singly, are not able to unite with more than 
four chlorine particles. 

Proceeding in this way we may obtain six classes, 
in one or other of which all elementary snbatancea 
can be classed; the substances being named in 
accordance with the atomic theory monads, dyads, 
triads, tetrads, pentads, or hexads, according as 
they come respectively in the first, second, third, 
fourth, fifth, or sixth of these classes ; monads 
being those elementary substances, such as hydro- 
gen and chlorine, whose particles unite singly with 
single particles of other monads, and hexads those 
whose particles, singly, can unite with six monad 
particles, 

65. Now if we turn to Figs. 4 and 5, p. 5ii, and con- 
sider the shaded portions in those figures to 
represent in the force sheaths of the particles, those 
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portions which act as ties to connect the central 
atoms of the particles with the central atoms of 
contiguous particles, we shall be able to understand 
how completely the teaching of the atomic theory, 
indicating, as it does, the broad fact that particles 
have on each side of them, each according to its 
kind, a definite* number of ties, by which it is 
enabled to hold on to a definite number of other 
particles contiguous to it, is in agreement with the 
arrangement indicated in Figs. 4, 5, and 6, in which 
the particle is shown as being endued with a force 
sheath of regular form divided up, in a regular 
way, into compulsive force, or holding on portions 
or ties, and into repulsive force, or holding off 
portions or struts. For if we find that while, on 
the one band, single particles of some of the ele- 
mentary substances are able to unite with or take 
to themselves not more than six monad particles 
(and, as already pointed out, no single particle of 
any elementary substance is able to unite with more 
than six particles of another elementary substance); 
while again single particles of other elementary 
substances are able to unite with, or to take to 
themselves not more than five of the same monad 
particles ; while again single particles of others 
are able to take not more than four; those of 
others not more than three ; those of others not 
more than two ; and lastly, while those of some 
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are not able to unite witb. more than one particle — 
on the other hand, single particles of some 
elementary subatancea are not able to unite with 
less than four monad particles ; and those of others 
are not able to unite with less than three ; and those 
of others with not less than two monad particles : 
and we find also, that white generally single monad 
particles can alone replace, in any compound, other 
single monad particles; two monad particles are 
equivalent to and can replace one dyad particle ; three 
monad particles are equivalent to and can replace 
one triad particle, and four monad particles are 
eqnivalent to and can replace one tetrad particle 
(Roscoe's " Chemistry," vol. i., p. 96), the in- 
ference is clear that definite portions of the force- 
sheaths of all particles, or, what is the same thing, 
of the surfaces of the central atoms of particles are 
occupied by the compulsive force by which particles 
hold on to each other, and that these portions, 
though they can be enlarged or redaced, can only 
be so enlarged or reduced within certain limits- 
And when then we find that single particles of any 
eubstance are able to make several combinatious 
with particles of some other substance, in each of 
which the single particles are united to a diiferent 
number of particles of the other substance, wo 
may understand that the combination, in which the 
ips are made up of the smaUcat number of 
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particles, is effected when the single panicles find 
a deficiency of the other particles, and therefore 
nnder unfavourable circnmatances ; and that the 
combination, in which the groups are made ap of 
tho highest number of particles, is effected under 
specially favourable circumatances, by which the 
compulsive force portions of the envelopes of the 
particles, which combine, are extended to their 
fullest limit. Thus, neither the combination, in 
which the groups contain the smallest number of 
particleSj nor that in which they consist of the 
highest number of particles, is a stable one ; for as 
soon as the unfavourable, or tho specially favourable 
circumstances pass away, a change takes place. 
Thus, with a deficiency of oxygen, nitrogen com- 
bines with oxygen to form nitric oxide, NO, in 
which the groups consist each of a single nitrogen 
united to a single oxygen particle ; bnt, as soon as 
nitric oxide is exposed to the air, each of the groups 
takes an additional particle of oxygen, and the 
nitric oxide, NO, is converted into nitrogen tetroxide, 
NO3, in which the groups consist of a single particle 
of nitrogen united to two particles of oxygen. 
Again, by withdrawing from anhydrous nitric acid, 
HNO3, the elements o? water, it is possible to obtain 
nitrogen pentoxide, NjO^, (Roscoe's " Chemistry," 
vol. i., p. 413), in which the groaps consist, each, of 
two nitrogen particles united to five oxygen par- 
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tides ; but nitrogen pontoxide decomposes at a 
temperature between 45° and 50° C. This conclusion 
la strengthened by the fact, already noticed, that 
when a monad particle, anch as one of chlorine, 
unites itself to a particle of hydrogen, no contraction 
of volume, in either particle, takes place j but when, 
however, a dyad particle of oxygen seizes and 
takes to itself two particles of hydrogen, the two 
particles of hydrogen are condensed to the volume 
of the dyad oxygen particle, or to that of a single 
particle of hydrogen, when uncomhined; whilst, 
when a triad nitrogen particle seizes and takes to 
itself three hydrogen particles, the three particles 
are condensed to the volume of the nitrogen par- 
ticle or to that of a single hydrogen particle when 
nn combined. 

66. The condensation of hydrogen particles, by 
oxygen or nitrogen particles with which they com- 
bine, exhibits in a striking way the drawing to- 
gether of particles which, as already noticed, takes 
place, accompanied by a displacement of repulHive 
force, when particles of two elementary gases com- 
bine, or when an elementary gas combines with an 
elementary solid. 

It is to condensation, denoting, as it does, an 
increase of compulsive force, that the superior acti- 
vity, in combining, of ozone, which is oxygen con- 
densed, by the passage of the electric spark through 



of the Universe 115 

oxygen or in some other way, from three volumes 
into two volumes (Roscoe's ^^ Chemistry/^ vol. i., p. 
196), over oxygen, is due* The fact that ozone, 
which is one of the most powerful oxidizing agents 
known, attacking at once and destroying organic 
substances, such as caoutchouc, paper, &c. (Eoscoe, 
vol. i., p. 201), should lose much of its oxidizing 
power and be converted into ordinary oxygen gas, 
as soon as its volume is expanded by the application 
of heat, or repulsive force, and the consequent dis- 
placement of compulsive force, is specially note- 
worthy. And this fact becomes more especially 
noteworthy, when taken in connexion with the fact 
that a piece of tinder can be lighted in a cylinder, 
by suddenly compressing the air in the cylinder by 
the aid of a piston (" Recent Advances in Physical 
Science,'^ p. 9), showing that the particles of oxygen 
in the air, when thus condensed, are able to com- 
bine with the carbon particles in the tinder, heated 
by repulsite force displaced from the compressed 
air, with sufficient energy to set up combustion. 

The fact that a piece of spongy or porous pla- 
tinum is able, in the way already indicated in 
paragraph 54, to condense hydrogen and oxygen 
particles in its pores to such an extent as to bring 
about combination between them, should also be 
remembered. 

67. We have seen that, when particles of two 

I 2 
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elementary gases, or of an elementary gas and an 
elementary solid combine, a drawing together of 
the lighter gaseous particles, with a displacement of 
repulsive force, must take place, and that, when 
particles of two elementary solids combine, or an 
elementary solid combines with an elementary gas, 
and even when a dense elementary gas combines 
with a light one, a separation, or thrusting apart 
of the Bolid particles one from another, involving a 
loss of compulsive force, must take place before the 
drawing together which constitutes chemical union 
can be effected. We can therefore understand that 
two particles in a compound are, in many cases, 
brought much closer to each other than they can 
ever approach to other particles, whether of the 
same kind as.themsclvoa or of a different kind, in 
any state, whether solid, liquid, or gaseous, when 
esistiog in the pure or uucombined ; and that it is 
to the shortness of the distance throngh which the 
compulsive force, which binds two particles united 
in chemical combination together, acts, that the 
connexion between the particles becomes so strong 
that it is able to endure through changes which 
convert the compound from a solid to a liquid, and 
from a liquid to a gas. The loss of compulsive 
force in the mass as a whole, which, as we have 
seen at paragraph 57 tabes place when a solid com- 
bines with a gas, is not incompatible with the fact 
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of the particles of tlie gas being by the process of 
combination brought closer to tbe particles of the 
Bolid than the particles of the solid are brought to 
one another, in the process of solidification ; for we 
can understand that though, in the compound, par- 
ticle may be nearer to particle in the gronpa, yet 
gronp may be further from group, than, in the 
Bolid, particle ia from particle. In this way we can 
nnderatand how in the formation of hydrochloric 
ftcidj as described in paragraph 60, a hydrogen par- 
ticle may be brought closer to a chlorine particle 
than a hydrogen particle is to a hydrogen particle 
in a mass of hydrogen, or a chlorine particle to a 
chlorine particle in a mass o£ chlorine, and yet 
group may be farther from group in hydrochiorio 
acid than particle is from particle in a mass of 
hydrogen or of chlorine, and so, though no change 
of volume may take place in the formation of hydro- 
chloric acid, a displacement of repulsive by com- 
pulsive force may take pkce. At the same time it 
must be remembered that there are combinations 
■which, though they are possible in the solid state, 
are not possible in the gaseous state, and therefore 
the effect of the greater amount of compulsive force 
present in the solid state is by no means to be over- 
[Aooked. 

We must remember that the state of chemical 
combination is forcibly brought about, and does not 
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consist in the mere grouping of particles together 
in order, such as takes place wliea particles of 
different liquids or gases form by diffueion a simple 
mixture; and then if at the same time wo remember 
that the action of a force is inversely proportional 
to the square of the distance at which the force 
acts, we shall have little difficulty in understanding 
how if particles, united in chemical combination, 
are drawn much closer together than particles in 
the sohd state arc, the ties, which hold the particles 
in a pair or in a group of particles together in 
chemical union should last, even though the ties 
■whieh hold the pair or group to other pairs or 
groups contiguous to them in a solid mass are rup- 
tured. 

68. Pairs or groups of particles, when nnited in 
chemical combination, thenceforth act and move 
just as single particles do; thus they, when in the 
gaseous state or in the liquid state, diffuse, or mis 
up, and form groups with other gases, or liquids, 
with which they come in contact ; or dissolve 
solid substances just aa particles of the elementary 
pises, or liquids, do ; or, if cooled down by the ab- 
straction of heat and subjected to pressure, they 
collect together aud assume the liquid or solid form ; 
or, if, when in the solid state, they are subjected to 
a rise of temperature aud a diminution of pressure, 
they assume the liquid or the gaseous form just as 
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particleB of elementary substances do j or again, 
they combine -with the groups of otber compounds, 
forming fresh compounds. Just as we have seen 
particles of one elementary substance combine with 
particles of other elementary substances. 

69. But if, when in chemical combination, par- 
ticles of one sabatance are so closely united with 
particles of another substance that the united group 
thenceforth is enabled to act and move as a single 
particle, it will be plain that the individual proper- 
ties and action of the particles composing the group 
will have been merged into those of the group ; and 
that group action and group properties will be sub- 
stituted for the individual action and individual 
properties of the several particles composing the 
group. Thus for example, air is a mixture of the 
two colourless odourless gases nitrogen and oxy- 
; and air, like the two gaaea of which it is made 
up ia practically colourless and odourless too, and 
will remain so as long as the two gases in it remain 
simply mixed together : but if a series of electric 
sparks are passed through a quantity of air and a 
portion of the nitrogen in the air is made by the 
compulsive force of the electric spark to combine 
with a portion of the oxygen to form the compound 
iMiitrogen peroxide NO,, in which the groups consist 
\ each of a single particle of nitrogen united to two 
E .pai'ticles of oxygen, the colourless odourless air will 
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be transformed into nitrogen peroxide, whicli in the 
gaseous form is a brown vapour having a very un- 
pleasant smeilj and at the ordinary temperature of 
the atmosphere, is a yellow- coloured liquid. Again, 
carbon ordinarily exists in the form of a black 
opaque sohd, whilst sulphur ordinarily exists in the 
form of a yellow opaque or semi-transparent solid, 
and neither carbon nor sulphur have any odour ; 
but when carbon combines with sulphur; the com- 
pound cai-bon dianlpbide CSt is formed, in which 
the groups consist each of a single particle of 
carbon united to two particles of sulphur ; and this 
carbon disulphide is a colourless liquid having a 
sweet smell. In both those cases we see that the 
properties of the groups are totally different from 
those of any of the individual particles of which the 
groups are composed. 

70. In order to show how very closely the action of 
groups of particles in compounds corresponds with 
that of single particles in elementary substances, we 
may point to cyanogen, a compound of carbon and 
nitrogen, in which the groups consist, each, of two 
particles of carbon united to two particles of nitro- 
gen, and which combinoa with hydrogen to form 
hydrocyanic acid, in which the groups consist, each, 
of one of the groups of which cyanogen is made up 
united to a particle of hydrogen, just as in hydro- 
chloric or hydriodic acid the groups are formed 
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by the union of a single particle of chlorine or of 
iodine combined with a single particle of hydrogen. 
We may point also to other compounds of cyano- 
geiij Buch aa the cyanide of mercury, Hg(CN)j, 
in which the groups consist each of two of the 
groups of which cyanogen la made up united to 
a single particle of mercury. So also we find 
ammonia, NHj, in which the groups consist, eaj^h, of 
a particle of nitrogen united to three particles of 
hydrogen, forming compounds, such as the car- 
bonate, sulphate, or nitrateof ammonium, coiTCspond- 
ing to the carbonates, sulphates, and nitrates formed 
by many of the metals. 

71. The compoimda formed by combinations of 
compounds may be further combined, and thus sub- 
stances made up of groups of particles united to- 
gether in a very complex way may be obtained ; hut 
into the changes and interchanges by which these 
substances are obtained, it is not necessary here to 
go, the general principles by which compounds are 
formed being plainly indicated in the combinations, 
which take place between the particles of elements, 
and which have already been considered. 

72. We have seen that the particles, in the groups 
of particles, of which compound substances are made 
up, are united together by compulsive force ; it ia 
plain then that if we wish to separate two substances 
which have combined together we must displace the 
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compulsive force by which the particles of the sub- 
stances are held together : and as compulsive 'force 
can only be displaced by repulsive force, some method 
of applying repulsive force to the compound must 
be employed. Accordingly, to dissociate substances 
in combination the compound must either be exposed 
to a very high temperature at which compulsive 
force practically ceases to be evolved by displace- 
mentj and the emission is one of unmixed repulsivo 
force, or repulsivo force must be applied by a current 
of electricity, with which, as will be better seen here- 
after, repulsive force is liberated from one pole, viz. 
the positive pole. There is a way, however, of dis- 
sociating one of the substance in a compound which 
ia often employed, and that is by displacement, or 
by bringing the compound in contact with some 
substance which has a greater affinity for the other 
substance, or substances, in the compound than the 
substance to be displaced has : the process of dis- 
placement is assisted if necessary by the application 
of heat. 

When a substance has been displaced from a 
compound, its particles for a time have still about 
them a considerable amount of the compulsive force 
by which they were held in combination, and are 
conaequeutly in this state, which is called the nascent 
state, more ready than at other times to combine 
with the particles of other substances : thus oxygen 
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in the nascent state occurs in the form of ozone^ 
which, as already stated, is by far the most active 
form in which oxygen is found. 

73. The process of crystallization has been dis- 
cussed already at paragraph 36; and it is not 
necessary to enter further into the subject here, 
except to point out that the emission of light visible, 
in some cases, at the moment a crystal is formed, if 
the process of the formation of crystals is watched 
in a dark room (see ^^ La Lumiere/^ by M. Edmond 
Becquerel, p. 39), may perhaps be explained on the 
assumption that the sudden consolidation of parti- 
cles, which takes place when luminous effects are 
noticed, liberates a suflBcient amount of repulsive 
force to displace a certain quantity of compulsive 
force in some of the particles, whether solid, liquid, 
or gaseous, which intervene between the crystal and 
• the eye. In the same way too we may assume that 
the flash, which is noticed sometimes when two gases 
combine explosively under the action of compulsive 
force, and the pale flame visible when two gases 
combine by the action of compulsive force, are due 
to compulsive force displaced from the air particles 
between the eye and the point where the combina- 
tion of the gases is effected, by the action of the 
large amount of repulsive force liberated by the com- 
bination of the gases. 

73. The fact that marsh gas, in which the groups 
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consist, each, of a single particle of carbon united to 
four particles of hydrogen, bums in air with a 
non-luminous flame; whilst olefiant gas, in which 
the groups consist, ea^h, of two particles of carbon 
united to four particles of hydrogen, burns with a 
liiminoos flame, can perhaps be explained on the 
assumption that a greater amount of compulsive 
force, than is required by the hydrogen particles, is 
displaced from the two carbon particles in each group 
of particles in the olefiant gas. If, however, as in 
the Eunaen burner, a large amount of air is mixed 
with the gas, so as fco supply sufficient oxygen to 
effect the complete combustion of the whole of the 
hydrogen particles ; then the whole of the compul- 
eivo force displaced from the carbon particles will 
be employed in effecting the combination of the 
increased amount of hydrogen particles, which are 
burnt, and the flame, though intensely hot, will be 
non-luminoua, the want of luminosity lieing also 
perhaps in part due to the fact that the larger body 
of gas ascending from the Bunsen burner, and 
obtained wholly from inside, may provide a wider 
road for the passage upwards rather than outwai'da 
of any amount of displaced compulsive force which 
may remain unutilized. That this explanation and 
not Davy's explanation — according to which the 
luminosity of an olefiant gas flame was supposed to 
be due to uuconsumed particles of carbon which are 
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raised to a state of incandescence when in snapension 
in the flame ; and the non-luminosity of the flame 
when air is mixed with the gas to be due to the fact 
of all the carbon particles being consumed — is more 
nearly the correct one seems to be shown by the 
fact that the flame also becomes non-luminons if 
instead of air a non- inflammable gas such as nitrogen 
or carbonic acid is mixed with the olefiant gas, 
(Eoacoe's "Chemistry/'Tol. i., p. 187}, thns reducing 
the consumption of gas, and providing in the large 
column of gas ascending from the burner a ready 
road and a wider area for the upward rather than 
outward displacement of compulsive force. This 
conclusion seems further to be strengthened by the 
act that Professor Prankland found (Roscoe, vol. i., 
p. 188) that oxygen and hydrogen, which ordinarily 
burn with a non-luminous flame, give rise to a 
luminous flame when burning under a pressure of 
20 atmospheres. Tlie luminosity of the flame of the 
gases burning under pressure may perhaps be 
assumed to bo due to the compulsive force in excess 
of the amount required to induce combination, being 
displaced by the emission of repulsive force, which 
accompanies the combination of two gases. 

74. We thus see that the science of chemistry 
reveals plainly the fact that all matter is made up 
of aggregations of minute bodies, or particles, which 
liave a general tendency to arrange themselves iu 
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groups. We also see that while there is nothing, in 
the facts revealed by chemistry, iaconsiatent with the 
assumption that every one of the particles of which 
matter is made up is in the grasp of the two oppo- 
site forces of corapulsion and repulsion — by the one, 
of which, particles are drawn together into groups, 
andthegroups, or single particles, are drawn together 
into gaseons, liquid, or solid masses, and these masses 
into heavenly bodies ; whilst by the other the 
particles are kept apart particle from particle, so 
that even when they are most closely united together 
the central atoms of the particles are never in actual 
contact, and whenever this force preponderates 
particle is driven away from particle, group from 
group, and mass from mass, and a general scatter- 
ing and dissociation takes place — there is, on the 
contrary, much in the peculiar manner in which 
particles, when free to move, arrange themselves, as 
we have seen, almost invariably in groups j also in 
the fact that, on the one hand, when force is im- 
pressed upon a mass of matter, certain definite 
changes occur in the mass, denoting, if the force is 
one of attraction, a drawing together in some way 
of the particles, either of the mass as a whole, or 
of the groups of which the mass is made up ; and if 
the force is one of heat or repulsion, an expansion 
or a separation of the particles either of the mass as 
a whole or in the groups of which the mass is made 



J 



of the Universe. 127 

up ; and on tlie other liand, when changes occur in 
a mass of matter an emission of force takes place, 
either of attraction or compulsion if the change 
involves the separation of the particles, or of re- 
pulsion or heat if the change involves a drawing 
together of the particles ; also in the way in which, as 
we have seen, combination is brought about by com- 
pulsive force if the particles are expanded, or by 
repulsive force if they are condensed, — to support 
this view. 

75. Probably, however, the most striking proof 
of the accuracy of this view is to be found in the 
fact that a piece of platinum is able, on the one 
hand, as is well known, when it is heated and 
plunged into a mixed mass of oxygen and hydrogen 
gas to force the gases to combine and form water ; 
and on the other hand (see Grove's ^^ Correlation 
of Physical Forces '' p. 50), when at a white heat 
it is plunged into a mass of water so as to be very 
suddenly cooled, is able to decompose some of the 
water into a mixed mass of oxygen and hydrogen 
gas. For here, plainly, we see compulsive force 
displaced by heat forcing gases to combine; and 
repulsive force displaced by rapid cooling forcing 
combined gases to separate. 
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CHAPTEE IV. 

EIBCTEICITT AND M*,0NITI3M. 

76. From a conBideration of the forces to which 
chemical action ia dne, we turn natnrally to the con- 
sideration of those to which electrical action ia ducj 
for indeed a little careful consideration will show 
that chemical action runs into electrical action, or 
electrical action into chemical action, afc every step. 
77. If then we take a quantity of water to which 
a small quantity of sulphuric acid has been added, 
and place a plate of zinc, of which the snrface has 
been amalgamated with mercury, in the weak solu- 
tion of water and aulphuric acid at the ordinary 
temperature of the atmosphere, we shall fiad that 
the zinc will remain practically unaffected. If, how- 
ever, the zinc is continually heated while still 
immersed in the weak eolation of water and sul- 
phuric acid, wo shall find that an energetic action 
will go on between the zinc and the acid, whereby 
of the iiinc particles will displace the hydrogen 
particles in some of the groups of particles of which 
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Bulphuric acid is made up, with the result of conyert- 
ing the sulphuric acid, groapa into sulphate of ziac 
groupsj and of liberating hydrogen in the free state. 
And we thus see that to enable the action between the 
zinc and the sulphuric acid to proceed energetically 
a supply of repulsive force, in the form of heat, is 
required. But if now, instead of heating the zinc, a 
piece of stout copper wire is attached to it, and 
another piece of stoat copper wire attached to a 
plate of copper ; aad then the plate of copper is 
immersed in the weak solution of water and sulphuric 
acid alongside of the zinc, but not touching it, we 
shall find that, if the copper wire connected witli the 
zinc is made to touch the copper wire connected with 
the copper plate, energetic action between the zinc 
and the sulphuric acid will be set np, accompanied 
with a disengagement of bubbles of hydrogen at the 
copper plate, though there will practically be no 
action between the copper and the sulphuric acid ; 
but if the two wires are separated the action between 
the zinc and the sulphuric acid will cease. Now we 
liave seen that when the zinc plate alone was im- 
mersed in the dilated sulphuric acid, in order that 
energetic action between the zinc and the sulphuric 
acid might be set up, the zinc must be supplied with 
repulsive force in the form of heat ; and when then 
we find that if a zinc and a copper plate are immersed 
together in the diluted sulphuric acid, energetic 
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ftction between the ziec and tlie snlpharic acid goes 
on whenever the zinc and the copper plates are con- 
nected together, and ceases whenever they are 
separated, we can nnderatand that the function of 
the copper plate ia a donble one — namely, to sapply 
repolaive force to the zinc and to receive from the 
zinc compulsive force ; and that, when the sine and 
the copper are connected together by a wire, a flow of 
repolsive force takea place along the wire in one 
direction, i.e. from the copper to the zinc, and a flow of 
compnlsive force in the other direction, i.e. from the 
zinc to the copper. That the copper plate receives 
compulsive force is apparent, because the bubbles of 
displaced hydrogen collect upon it, being attracted, 
or wrenched away from the sulphuric acid groups 
by the compulsive force upon the copper plate ; but 
besides this, if in place of employing a single pair of 
plates of zinc and copper a number of pairs of plates 
are made up into a battery, a sensible emission of 
light will, as we shall see, pass from the wires or 
poles of the battery if the ends of the wirea are first 
brought together and then separated by a short 
interval; and on the aasumption that light :rBpre- 
sents compulsive force, we have thus then here 
ocular demonstration of the fact that compnlsive 
force passes along the wiros : also that repulsive 
force passes along the wire is apparent, because if 
the ends of the copper wire are connected by a 
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piece of fine platinum wire instead of being brought 
directly in contact, the piece of fine platinum wire 
will beheated owing plainly to ita inability to transfer 
the whole of the repuiaive force which ifc receives at 
one end to the other end. In addition it may be well 
to remember Faraday's experiments, by which he 
showed that when a pair of metal plates in dilute 
acid are in the relation to each other of positive and 
negative, or in the same relation aa zinc to copper, 
the efEecb of heating the negative is largely to 
increase the action on the positive plate (Faraday's 
" Experimental Researches in Electricity," vol. ii., 
p. 63), since they confirm in a remarkable manner 
the accuracy of this explanation. But we have 
further evidence than this ; for if the enda of the 
two pieces of copper wire connected respectively 
with the zinc and copper plates, instead of being 
directly connected, are dipped both of them in a 
solution of sulphate of copper, it will be found 
that the action between the zinc and the sulphuric 
acid will be set up, though more feebly than when 
the enda of the two wires are directly connected ; 
but at the same time the end of the wire con- 
nected with the copper plate will be corroded 
away in the sulphate of copper solution ; whilst 
the end of the wire from the zinc will grow, 
receiving from the sulphate of copper solution a 
deposit of pure copper (Ferguson's " Electricity," 
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p. 109). Here then plainly we have the wire 
from the copper plate showing the action of re]iul- 
sive force, which, as we have already seen in para- 
graph 56, m the form of heat facilitates the solution 
of solids ty liquids ; and the wire from the zinc 
plate showing the action of compulsive force, in 
attracting to itaelf the particles of pure copper cor- 
roded away from the end of the wire from the copper 




78. If, in place of taking a single pair of copper 
and zinc plates, a large number of pairs are taken, 
and each pair immersed in diluted sulphuric acid 
in a separate cell, in such a way that the copper 
plates all face one way, and the zinc plates all 
face the other way; and if then a long copper wire 
ia attached to the last copper plate at one end of the 
aeries of pairs, and a long copper wire to the laat 
zinc plate at the other end of the series of pairs ; 
and if all the intermediate copper plates are con- 
nected by a short wire each to the zinc plate of the 
pair next to it, a powerful battery is obtained, of 
which the two long wires attached to the end plates, 
one to the copper, and the other to the zinc, are the 
poles, or wires corresponding to tho two wires of the 
single pair. The end of the wire from the zinc plate 
is called the negative pole, and the end of the wire 
from tho copper plate is called the positive pole of 
the batt«ry. The explanation of the increased power 
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obtained with this arrangetnent, above that obtained 
from a single pair of plates of the same area aa 
the combined plates, is possibly this, that action 
being started by the end plates the particles on one 
face of each copper plate supply repulsive force 
to and receive compulsive force from the zinc plates 
in the same cell as themselves through the liquid, 
whilst through the wires the particles of the other 
faces of the copper plates supply repulsive force to 
and receive compulsive force from the opposite 
faces of the zinc plates conuected with them in 
adjoining cells, and thus both faces of both plates 
are utilized. If the poles, or wires connecting the 
terminal plates of a battery, are of any conBiderable 
length, we can understand that the passage of one 
force along the wire may displace to a considerable 
extent the opposite force, and thus in either direc- 
tion a Sow of mixed forces will take place ; the 
secondary action arising from the combination of 
some of the particles of liberated hydrogen with 
particles of oxygen arising from air in solution in 
the liquid may also cause more or leas a mixture of 
the forces, the same result may also be brought 
about by combinations due to impurities in the 
metallic plates. Hence, though at the positive 
pole — i.e. the end of the wire connected with the 
copper plate — the emission of repulsive force for 
reasons already explained predominates, and at the 
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negative pole, or the end of the wire connected with 
the zinc plate, the emission of compulsive force pre- 
dominates at both poles, the emission is one of 
niised force. 

79. If the polea of a powerful battery are 
brought together, bo as to touch, and then separated 
for a short distance, force continues to pass 
between the poles, and its passage acroaa the space 
separating the poles will be marked by aii emission 
of light and heat generally known as the electric 
light. If the poles are furnished with carbon points, 
the carbon of the positive pole, or wire attached to 
the copper plate, will waste away and be hollowed 
out ; and a portion of the carbon thus detached from 
the carbon of the positive pole will be heajied upon 
the carbon of the negative polo, or wire connected 
with the zinc plate ; and thus the omission at the 
positive pole will give practical proof of the action 
of repulsive force, and the emission at the negative 
pole will give practical proof of the action of com- 
pulsive force, in the same way as we have seen the 
corresponding wires with a single pair of plates 
manifested, when dipped in a solution of sul])hate 
of copper, respectively emiasions of repnlaive and 
compulsive force, 

80. If plates of platinum are attached to the two 
poles of a battery, and the platinum plates are then 
plunged into a vesael containing slightly acidulated 
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water, it is found that the water is decomposed into 
the gases oxygen and hydrogen of which (aeo para- 
graph 59) it is made up, the hydrogen particliss going 
ofE at the negative pole the oxygen particles at the 
positive pole. Wo shall be able to understand the 
reason of this if we remember that when the two 
poles are dipped into a solution of sulphate of copper 
the positive pole, if it is of copper wire, is corroded 
away by the action of the repulsive force which it 
conveys, owing to the copper particles at the end o£ 
the wire being unable to transfer repulsive force to 
the particles of the liquid as fast aa they receive 
repulsive force from the plate, and therefore moving 
off under the action of the repulsive force; and re- 
member too tha.t with the electric light the particles 
of the carbon point at the positive pole when unable 
to transfer to the particles of the air the whole of the 
repulsive force which they receive move off and, 
like the copper particles in the sulphate of copper 
solution, are heaped upon the negative pole, which 
by the compulsive force, which it conveys, ia able to 
attract them ; also if at the same time we consider 
that when the wires are furnished with platinum 
plates, the wires by the large amount of conducting 
surface the plates afford are brought in contact with 
a very large number of liquid particles, and are 
consequently able to transfer force to the liquid as 
fast as they receive it : for we shall then seo how it 
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may be possible for the 
the positive pole now 
greater amount of repnlsive force than they can 
transfer to other liquid groups of particles con- 
tiguous t-o them; and how if then the groups of 
particleaare clogged in their movements by the acid 
particles with which they are associated (for perfectly 
pure water is not readily decomposed by an electric 
current) the effect may be that the groups will 
break up and that the lighter and more condensible 
hydrogen pai-ticles will move across and transfer 
force by impact to the negative pole in the way 
described in paragraph 49, juat as the particles of 
copper do when the poles are dipped in a solution 
of sulphate of copper, whilst the heavier oxygen 
particles will he set free at once at the positive pole. 
We have proof in Faraday's discovery that, if an 
electric current is transmitted through a series of 
different electrolytes, each electrolyte will be decom- 
posed exactly as it would be if it were the only 
electrolyte through which the current passed (Lard- 
Hep's "Natural Philosophy," p. 239), that this is 
the correct explanation of the electrolysia, or decom- 
position of water or other electrolytes by the electric 
current; for, to quote from Miller's "Chemistry," 
vol. i., p. 576, " It has been amply proved by expe- 
riment that for every C5 milligrammes of zinc which 
is dissolved in any one cell of the battery, provided 
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local action be prevented, 18 milligrammes of water 
are decomposed in tbe voltameter, or if . . . several 
electrolytes be arranged in succession each compound 
will experience a, decomposition proportional to its 
cbemical equivalent. For iustance — if the current 
be made to pass first through fused plumbic iodide 
(Pblj) and then through fused atannons chloride, 
SnClj — for each 65 milligrammes of zinc dissolved 
in any one cell of tbe battery 207 milligrammes of 
lead and 118 milligrammeB of tin will be separated 
on the respective platinodes, whilst 264 (or 2 X 
127) milligrammes of iodine and 71 (or 2 x 35.5) 
milligrammes of chlorine will be evolved at tbe 
respective aincodes. These nnmbers correspond 
with the chemical equivalents (not the atomic 
weights) of the several elements named." And since 
it thns appears that the weights of the aefveral 
elementary substances displaced from the electro- 
lytes are exactly in the same proportion as the 
weights in which the substances combine in forming 
the several electrolytes, it is clear that, for every 
particle of zino consumed in the cell, one group of 
particles is decomposed or broken up in every one 
of the electrolytes through which the electric current 
passes. And since also (as we have seen at paragraph 
■77) the repulsive force by which the particles of the 
zinc plate in one of the cells of a battery are enabled 
to displace the hydrogen particles from the groups 
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of particles of which the sulphuric acid, ia the solu- 
tion in which the plates are immersed, is made up, 
ia supplied by the copper plate, and passes along 
the wires or polea of the battery to the ziuc plate, 
it ia easy to see that if, instead of finding an un- 
interrupted road all the way through the wires of 
the battery, the repulsive force in its passage from 
the copper to the zinc plate finds its road broken 
up by the intrusion of several electrolytes in each 
of which the groups consist, as in the case of water, 
plumbic iodide, and stannous chloride, of the same 
number, namely three, of particles, and therefore are 
similar to one another, and in all of which the 
resistance is so great that a passage can only be 
effected by breaking up the groups of particles in 
the way described in the case of acidulated water ; 
and if as is clearly the case the absolute quantity of 
force required to effect the combustion of a single 
zinc particle in the zinc plate and to break up a 
gronp of particles in any one of the electrolytes is 
constant, then before sufficient force to e&ect the 
combustion of a single ziuc particle reaches the 
zinc plate the same number of groups of particles 
must be broken up in each of the electrolytes, 
whether the number broken up is great or few ; for 
since the groups in each case are similar, and we may 
therefore suppose the transfer of repulsive force in 
each case to bo effected through the same number 
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of gronpa; and since the transfer through an electro- 
lyte is efEected, aa we have seen, by breaking np 
groups of particles : hence although in the first 
electrolyte or the one nearest to the copper plate 
the absolute quantity of force transferred will be 
greater than in the second or third or fourth elec- 
trolytes, and in the second greater than in the third 
or fonrth, and so on, the transfer will involve the 
breaking up of the same number of groups of parti- 
cles in each electrolyte. The decomposition of the 
electrolytes is thus seen to be effected concurrently 
with the combustion of zinc in the battery cell, and 
is therefore not consequent upon or brought about 
by force developed by the consumption of tho zinc ; 
for if this were the case the consumption of zinc 
would be greater with an increase in the number of 
electrolyte a to be decomposed, since a greater 
amount of work would then Lave to be done, 
whereas we know tbit the consumption of zinc is 
just the same whether the number of electrolytes 
decomposed be many or few, and the rate only at 
which the zinc ia consumed ia reduced by an 
increase in the number of the electrolytea. 

The zinc plate possibly may obtain repulsive force 
from the mass of the electrolyte nearest to it in 
addition to the supply coming from the copper 
plate, and the electrolyte nearest to the zrnc plate 
in its turn may obtain repulsive force from the mass 
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of the electrolyte next to it ; and ao on : and in tiis 
way perhaps the regularity of the flow of force may 
be' assisted. If in place of passing the current 
through a substance such as acidulated water the 
cnrrent ia passed through some substance which 
requires a greater supply of force to effect the 
brewking up of ita groups than the amount required 
to effect the displacement, of a hydrogen, by a zinc 
particle, in the sulphuric acid groups, no decom- 
position of the substance will take place, for the 
groups of particles of such a substance will be able 
to transfer the repulsive force, which reaches them, 
from one to another, and so across from the positive 
to the negative pole, as fast as they receive it. 

81. We are thus able to trace almost with cer- 
tainty an inflow of repulsive force by which the 
consumption of zinc in the battery is effected, from 
the copper to the zinc plate. We can also almost 
with certflinty show, from the effect of the elebtrio 
spark in supplying to particles of mixed gases, such 
as oxygen and hydrogen or chlorine and hydrogen, 
throogh which it is passed sufficient compulsive 
force to effect the combination of the gases, that 
an outflow of compulsive force, due to the displace- 
ment of compulsive force, wliich must occur before 
the hard zinc ia converted into the soft sulphate of 
zinc, really takes place from the zinc plate. The 
action of the electric spark, in thus bringing about 
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the combinatioii of a mixture of two gases througli 
which it passes, has before been alluded to ; we 
may assume, however, that the gaseous particles 
about the negative pole or the eud of the wire from 
the zinc plate are drawn towards the negative pole, 
under the action of a greater aniounfc of compulsive 
force than they are able to transfer, bo forcibly that 
they are sufficiently condensed to bring about com- 
bination. The action of the electric spark when 
passed through oxygen in effecting the coudensa- 
tion of the oxygen into ozone, already alluded to in 
paragraph 66, should not be lost sight of The fact 
also that though the electric spark can bring about 
combination, in a light mixture, such as one of 
oxygen and hydrogen, or even one of oxygen and 
nitrogen, it cannot effect combination in a dense 
mixture such as one of chlorine and ox^'gen, is 
noteworthy. 

82, We have thus endeavoured to show the force, 
origin, and action of the electric current in a Gal- 
vanic Battery, which may, it should be remembered, 
be made up with any two substances, provided that 
the liquid in the cells acts more energetically upon 
one of the substancea than upon the other. There 
can hai'diy be a doubt as to the currents of Frictional 
Electricity, to which we may now turn ouf attention, 
having a force origin ; for with frictional elec- 
tricity force is, as it were, put into the frictional 
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electrio machine, and therefore clearly force can be 
got out. 

83. If now a tnbe of glass, or a stick of sealing- 
wax — or some other substance which like glass, or 
sealing-wax, but unlike metallic substances, does not 
allow of the free passage of electric currents over 
its Burface, and is therefore called a non-conductor — 
is rubbed several times in the same direction with 
a dry silk rubber, and then the rubber emartly 
removed, it is found that the rubbed portion of the 
glass, or sealing-wax, ia endued with the power of 
attracting to it light substances, such as small pieces 
of paper, thread, &c. If the rubber is insulated, i.e. 
attached to some non-conducting substance, which 
will not allow an electric current from the rubber 
to pass over its surface, it will be found that the 
rubber also possesses the same power of attracting 
light sabatanccs. 

If the glass tube, after it has been rubbed, is 
brought near to a pith bail suspended so as to 
swing freely from an insulating stand, the pith ball 
will first be briskly attracted to the glass tube ; but 
after touching the glass tube and remaining in con- 
tact with it for a moment, the pith ball will be just 
as briskly repelled. If the glass tube is a second 
time brought near the pith bail it will repel, in- 
stead of attracting, the pith ball. If the insulated 
rubber is now brought near the pith ball, it will 
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attract the pith ball j and then after contact repel 
it, juBt as the glass tube did at first. If the glass 
tube is then once more brought near the pith ball 
it will now attract it, although the rubber continues 
to repel the pith ball. Tf a stick of sealing-wax 
after being rnbbed by a piece of dry flannel is 
brought near to the pith ball, which is thus attracted 
by the glass tube and repelled by the rubber, the 
stick of sealing-wax will repel the pith ball, jnst as 
the rubber of the glass tute does ; but the flannel 
rubber of the aealiug-wax, if insulated, will attract 
the pith ball, just as the glass tube does. Hence we 
see that the pith ball, when charged with the same 
electricity as that developed in the rubber of the 
glass tube, is attracted by the glass tube and by 
the rubber of the sealing-wax, but- is repelled by 
the rubber of the glass tube and by the aealing- 
wax ; also that the pith-ball, when charged with the 
same electricity as that developed in the glass tube, 
is attracted by the rubber of the glass tube aud by 
the sealing-was, and repelled h^ the glass tuhe and 
by the rubber of the sealing-wax. 

To understand the nature of the power of attract- 
ing and repelling an insulated pith ball developed, in 
the glass and sealing-was and in their respective 
insulated rubbers, by the action of rubbing, we must 
remember that when a body is compressed by force 
applied at both ends, or applied at one end aud 
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resisted or reflected at the other, repulsive force is 
displaced laterally io the maoEer indicated Ie para- 
graph 42 ; and at the same time its particles lose 
a portion of the repulsive force in their force 
sheaths, and gain a correspondiEg portion of com- 
pulsive force. As soon, however, as the forces 
causing compression are taken off, the displaced 
repulsive force, if the body is elastic, at once returns 
to its proper position, and restores the body to its 
ordinary shape ; but the lost repulsive force has still 
to be got back and the excess of compulsive force 
got rid of before the body returns to its normal state. 
If the body is a good conductor, as metals are, the 
excess of compulsive force passes off at once ; but 
if the body is a bad conductor, as glaaa or sealing- 
wax is, the excess of compulsive force is transferred 
slowly to the particles of the air, or of contiguous 
substances. But when a body is thus compressed 
by force applied at both ends the compulsive force, 
which it receives at one end, is acting towards a 
different centre from that which it receives at the 
other end. 

Now the silk rubber and the glass tube, or the 
fiannel rubber and the stick of sealing-wax, are in 
the position of a body compressed by force applied 
at both ends, and thus receiving a supply of com- 
pulsive force ; but the rubber receives compulsive 
force acting towards a diiferent centre, and therefore 
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differing directionally from the coropulsive force 
whicli the glass tube or the stick of sealing-wax 
receives. But besides receiviag by pressure coni- 
pulsive force, the glass or the sealing-wax and 
the rubber receive by motion and friction, in the 
manner explained in paragraph -47, either compul- 
sive or repulsive force, according as the friction 
is grinding or tearing friction. There is therefore 
a plain reason why the force imparted by a rnbber to 
a soft substance, such aa sealing-wax, should be dif- 
ferent from the force imparted to a hard eobstance 
such as gla^s is. And we have seen already, in para- 
graph 50, from the case of a projectile moving in 
a parabolic path under the simaltaneous action of 
repulsive force derived from the pxplosion of a charge 
of gunpowder in a gun and of the compulsive force 
of gravity, that a body can bo acted upon indepen- 
dently by the- two forces of compulsion and repulsion 
at the same time, provided that the two forces are 
not acting about the same centre. We may therefore 
assume that the act of rubbing communicatea to the 
glass and to the rubber of the sealing-wax compul- 
sive force in two directions, namely, one part, due 
to pressure, in a direction perpendicular to the 
rubbed surface ; the other part due to friction, in a 
direction parallel to the rubbed surface : also that 
the same action communicates to the rubber of the 
s and to the sealing-wax directional compulsive 
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force acting in a direction perpendicular to tte 
rubbed surface, and directional repulsive force 
acting in a direction parallel to the rubbed surface. 
Hence when the rubbing action ceases tlie glass and 
tlie rubber of the sealing-wax are in the position of 
the zinc plate in one of the cells of a galvanic bat- 
tery, since they hko the zinc plate both have an 
excess of compulsive and a deficiency of repulsive 
force ; also the rubber of the glass tube and the 
sealing-wax are in respect of the force received by 
friction in the position of the copper plate in one of 
the cells of a galvanic battery, since like the cop- 
per plate they give up repulsive and receive com- 
pulfiivB force. 

So long as the rubber and the body rubbed 
remain in contact they will continue gradually each 
at their respective outer surfaces to dissipate their 
excess of compulsive force and to make good their 
deficiency of repulsive force, jaat as they would do 
if both were parts of one solid body, and ao no 
marked action at the surface of either will be per- 
ceptible; but if at any time the rubber and the 
rubbed body are forcibly separated, and their inner 
surfaces at which all the rubbing action between 
them has taken effect are exposed, then a marked ac- 
tion at the exposed surfaces will become perceptible, 

84, We have seen in paragraph 24 that surface par- 
ticles of solids both hold ou to and transfer force to 




of the Universe. 147 

and receive force from the particles of gasea cod- 
tigaous to them ; hence there will be little difficalty 
in understanding how the surface particles of bodies 
to which an excess of compulsive or of repulsive 
force has been communicated by the act of rubbing, 
can ffradaally transfer that excess of force to the 
particles of air contiguous to them, and can take 
from the particles of air a corresponding amount of 
the opposite force displaced by the transfer — the 
transfer of force to air particles would go on more 
slowly than would a similar transfer to solid par- 
ticles, but it will go on regularly nevertheless. So 
also we can understand how air particles having 
received an excess of force from the surface particles 
of one solid may transfer a portion of such excess of 
force to the surface particles af another solid with 
which they may come in contact, and may receive 
from such solid in exchange a corresponding amount 
of the opposite force displaced by the transfer. 
This, which is Faraday's view (" Experimental Re- 
searches in Electricity," vol. i., p. 362), is plainly 
in strict accordance with all that we have hitherto 
learnt in regard to the transfer of force. 

85. From the fact that both the rubber and the 
rubbed body receive compulsive force during the 
process of rubbing we can understand the way in 
which both the rubbed body and the rubber are able 
to attract light bodies. 
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86. We have eeen that the glass tube after it hacl 
been rubbed was able to attract an insulated pith 
ball, but that after the pith ball had touched the 
glass tube it was then repelled iustead of being 
attracted by the glass tube. The probable expla- 
nation of this is that a portion of the excess of force 
about the surface particles of the tube is transferred 
directly to the particles of the pith ball, and a corre- 
Bponding amount of the opposite force transferred by 
the pith ball to the tube as soon as the pith ball 
comes in contact with the glass tube; this inter- 
change of force goes on between the ball and the 
tube with very great rapidity until the particles of 
the ball have the eame excess of compulsive force 
about them that those of the glass tube have. Then 
whereas before contact the surface particles of the 
glass tube alone transferred force to the air particles, 
after contact the particles both of the tube and of 
the ball transfer compulsive force to the particles of 
air about them, and in this way both the tube and 
the ball gather about their surfacua layers of con- 
densed air particles, which act like solid envelopes in 
beeping the ball and the tube apart. We have seen 
in paragraph 24 that, when a solid is plunged into 
a liquid, it is frequently found that portions of the 
surface of the solid have condensed thick films of 
air particles upon them, and that these films com- 
pletely prevent the liquid particles from coming 
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in contact with the particles of the solid, though 
in the sir the film is quite invisible : and in the 
same way it is clearly possible for the glass tube 
and the pith ball to condense layers of air particlea 
upon their surfaces ; only the layers about the ball 
and tube will beaa much thicker than the film which 
protects the surface of a solid plunged into the 
water, as the force developed upon the surface of 
the tube, or ball, is in excess of the amount o£ 
force by which ordinarily the surface particles of 
solids hold on to the particles of air contiguous to 
tbem. The layer of condensed air particles abovit 
an electrified body will protect the body from con- 
tact with any other body electrified in the same way 
and having a similar layer of condensed air particlea 
about its surface ; but the layer of condensed air 
particles will not beep off from the electrified body 
an unelectrified body, which having more particlea 
in its composition than a similar volume of air has, 
is able to receive from the electrified body a pro- 
portionatoly greater quantity of compulsive force 
than a similar volume of air can, and is therefore 
attracted to the electrified body ; with the result of 
displacing a portion of the layer of condensed air 
particles abont the body ; and still less will the layer 
of condensed air particles keep off an eiecfcnfied 
body with an excess of the opposite electricity, or 
repulsive force, such as a stick of aealing-wax after 
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it has been rubbed has, wbich, as we bave seen, has 
aa excess of directional repulaivo force impreased 
upon it by the act of rubbing, for the excess of 
repulsive force upon the stick of sealiug-wax will 
tend to tbrust aside the particles forming the layer. 

The apparent repulsive effect wbich two pith 
balls or two pieces of gold-!eaf exercise upon each 
other when both are charged with the same elec- 
tricity, may be explained in the same way by the 
formation of layers of condensed air particles upon 
the surfaces of both the pith balls or of both of the 
pieces of gold-leaf. 

87. A frictional electric machine is simply a glass 
tube and rubber on a lai^e scale, though sometimes 
a glass plate ia substituted for the glass tube. In 
the electric machine both the glass tube and the 
rubber are provided with wires, and suitable con- 
nexions, for conducting away the electricity, or 
force developed upon both, by the action of rub- 
bing. The wire from the rubber is connected with 
the earth ; and if then, while the machine is work- 
ing, a second wire connected with the earth ia 
brought close to the wire connected with the glass, 
sparks of light of much greater length than the sparks 
obtained with galvanic batteries will pass between 
the wires. If the ends of tho wires arc connected 
by ft piece of thin platinum wire the platinum 
wire is heated in the same way as it is heated, as 
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we have already seen in paragraph 77, when placed 
between the poles oE a galvanic battery in action, 

88. Hence, as pointed out by Faraday, a current 
of frictional electricity does not differ materially 
from a current of electricity from a galvanic battery : 
and we may say generally that in both the car- 
rent consists of a passage of compnlsive force in 
one direction and a passage of repulsive force in 
the other direction, though in neither direction is 
the force absolutely pure and unmixed. We have 
seen, in the action upon an insulated pith ball of a 
glass tube or a stick of sealing-wax, after they have 
been rubbed, a decided manifestation of compulsive 
force with frtctional electricity. We may see an 
equally decided manifestiation of compulsive force 
with the electricity from a galvanic battery, if one 
of the wires of the battery is passed round the two 
arms of a piece of soft iron bent in the form of a 
horse-shoe, ao as to allow the current as it were to 
spread over a wider surface : for the effect will be to 
convert the soft iron into an electro-magnet, and 
to confer upon it the power of attracting masses of 
iron similar to the power poaaessed by a piece of 
loadstone or a common magnet. 

89. We may now therefore turn our attention to 
the study of Magnetism. We find then that a aub- 
stance called loadstone is sometimes found, which 
has naturally the power of attracting iron. From 
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Dana's " Mineralogy " it appears that loadstone is 
a mixtore of two oxides of iron ; and it does not 
tlierefore appear improbable that the source of 
power lies iu a displacement of compulsive force due 
to some alteration in the grouping of the particles 
iDdnced when a mass of some substance, such as 
iron, which is able to supply tbe necessary amount 
of repulsive force to effect the change, is brought 
near to the mass of loadstone. However that may 
be, we find that if a bar of steel or bard iron is 
rubbed several times, always in the same direction, 
with a piece of loadstone, the bar becomes a magnet, 
and has then conferred upon it the same power of 
attracting at both of ita ends pieces of iron, which 
tbe loadstone has. We find also that, if the same 
bar of steel, instead of being rubbed with a magnet, 
is placed iu a vertical position and struck several 
blows with a hammer, it will acquire the same 
magnetic properties as it acquires when rubbed 
with a loadstone. We find farther that soft iron, 
though it can be rendered temporarily magnetic by 
the passage of a current of electricity round it, 
cannot be rendered permanently magnetic, either 
by an electric current, or by contact with a load- 
stone, or by blows with a hammer, in tbe same way 
that a bar of steel is rendered magnetic ; and if we 
remember that soft iron is pure iron, and hard iron 
impure, the fact that soft iron cannot be rendered 
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permanently magnetic becomes of importance in 
giving us an insight into the origin of magnetio 
force. Dr. Lloyd, in his " Treatise on Magnetism," 
p. 21, has drawn attention to this, and has pointed 
out that the coercitive power of the magnet ia due 
to the presence, in small quantities, of carbon, 
phosphorus, arsenic, sulphur, cr some other foreign 
element, and that if these impurities are present in 
large quantities a bar of iron will resist altogether 
the development of magnetiam in it. Now it ia 
clear that a particle of iron and a particle of carbon 
in the presence of the moisture of the atmosphere 
are nearly in the same position as a plate of zinc 
and a plate of copper in the cell of a battery are, 
and still more nearly in the position of one of the 
pairs of a dry pile, which is made up simply of discs 
of paper coated on one aide with silver foil and on 
the other with zinc foil and piled one upon another, 
in Buch a way that the silvered aides all look one 
way ; and we shall not perhaps find it difficult to 
understand how the effect of striking with a load- 
stone or magnet, several times in one direction, a 
bar containing a number o£ such pairs of particles 
disposed irregalarly, with the carbon particles in 
some cases looking one way and in some another 
way, may be to arrange the pairs of particles in 
such a way that all the carbon particles will look in 
oue direction, or in the same way that the pairs in 
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a .battery or dry pile are arranged ; and that the 
effect may also be to press the carbon against the 
iron particles and to set np action between them, 
and thns in fact to convert the bar into a dry pile 
composed of many miUiona of pairs. And we can 
also see without difficulty, that the effect of striking 
a similar bar, when in a vertical position, several 
times with a hammer, must also be to dispose the 
pairs with the carbon particles all looking in one 
direction, and to press the carbon against the iron 
particles. We can further understand that a bar 
with many millions of pairs of carbon and iron par- 
ticles disposed in it in the same way as the pairs of 
plates in a battery would, although, when the pairs 
of particles were irregularly disposed, it manifested 
no compulsive action, develop in the presence of 
the large surface of iron furnished by the bar, the 
same compulsive force which a wire from a galvanic 
battery develops, when it is passed round an iron 
bar. The difficulty is to understand how such a bar 
can continue permanently to develop by galvanic 
action sufficient compulsive force to produce the 
marked attractive action, which a magnet exhibits ; 
since at the rate at which zinc is consumed in a 
alvanic battery, the iron bar must very soon be 
corroded away. And if indeed the action of the 
magnet is as continuous as at first sight it seems 
to be, this difficulty would be insuperable. But are 
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we quite sore that the magnet is continuously 
developing force of the same intensity as that 
which acts when a piece of iron is brought near the 
magnet ? and may it not be that the approach of 
the iron seta up an increased action in the magnet ? 
We know that Faraday found that, though there 
was very little action when a pair of silver and 
copper plates were immersed in dilute sulphuric acid 
at the ordinary temperature, and very little action 
when the copper plate was heated, there was very 
energetic action when the negative or silver plate 
alone was heated. And may it not then be that the 
pairs of carbon and iron particles in a magnet are 
in much the same position aa a paii- of silver and 
copper plates in dilate aulphurio acid ; in so far 
that like the silver and copper plates they may 
require to have a certain amount of repulsive force 
communicated to the negative or carbon particle 
before energetic action upon the iron particle is set 
up 7 If the distribution of compulsive and repulsive 
force in the force sheaths of iron particles is such 
that when paramagnetic subataacea, such aa iron, 
nickel, cobalt, &c,, approach a magnetized bar, 
repulsive force is transferred to the carbon particles 
in the pairs of particles in the bar ; whilst when 
diamagnetic substances, such as bismuth, antimony, 
&c,, approach the magnet, repulsive force reaches 
the iron and not the carbon particles of the pairs of 
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particles in the magnetj it will bo clear that the 
approach of a mass of iron to the magnet will set 
up galvanic action in the magnet, and that this 
action will increase in energy as the mass of iron 
gets nearer to the magnet, until finally the mass of 
iron touches the magnet and gives up the whole 
of the repulsive force it is capable of supplying. 
Provided that after the mass of iron has joined the 
magnet the compulsive force, by which the mass of 
iron was drawn to the magnet, is not displaced from 
about the surface particles of the mass of iron and 
the magnet at the point of contact of the two 
surfaces, the mass of iron will continue to adhere to 
the magnet after it has reached it without neccBsi- 
tating any farther development of compulsive force 
in the magnet. Hence a keeper may continue to 
adhere to a horse-shoe magnet, without causing any 
consumption of material in the magnet beyond that 
which always goes on from oxidation when any 
mass of iron is exposed to the atmosphere. 

90. With this explanation of the nature and 
action of a magnet it is quite evident that if a 
magnet is broken up into any number of pieces 
each piece will act in the same way as the entire 
magnet acted ; and this is found in practice to be 
the case. It will also be plain that if two magnets 
are brought together in Buch a way that the north 
pole of one ia nest the south pole of the one in 
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front of lb all the carbon particles in all the 
pairs of particles in both magnets will face in the 
same direction ; and thus that the two magnets 
when thua sitnated will form parts of one large 
magnet including the two ; accordingly it is found 
that when two magnets are so situated tliey attract 
each other, and joining tof^etber have a common 
north and a common south polo. 

91. Since magnets develop compulsive force, it 
is clear that they may condense about their poles 
layers of air particleSj similar to the layers of con- 
densed air particles, which apparently form, as 
shown in paragraph 86, about the surfaces of rnbbed 
glass tubes or sticks of sealing-wax. And we have 
evidence that magnets do so condense air particles 
about their poles {Ferguson's " Electricity," p. 205) 
in the fact that if a disc or cube of copper is made 
to rotate between the poles of a powerful electro- 
magnet the disc encounters greater resistance when 
the magnet is made than it does when the magnet 
is unmade. Such layers of condensed particles would 
prevent the north poles of two magnets, if they were 
brought together, from coming in contact ; and in 
this way the apparent repulsive action noticed be- 
tween the north poles of two magnets when they are 
brought together may perhaps be explained : though 
at the same time it is of course possible that the 
repulsive action may be really due to repulsive force. 
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Tlie action of a current flowing along a wire in 
exercising aometimea a. repulsive action npon a 
magnet bronght near to the wire, can be explained 
on the assumption that tbe passage of the current 
causes a condensed layer of air particles to collect 
about the wire similar to the layers which form 
about pith balls or pieces of gold leaf when elec- 
trified, and that this layer of particles interferes 
with a similar layer formed about the magnet. We 
know that a copper wire through which a current 
is passing attracts iron filings in the same way 
that a magnet does ; and therefore there is a plain 
reason why such a layer of condensed air particles 
as that indicated, should form about the wire ; there 
is also a plain reason why, when the circumstances 
are such that the layer of condensed air particles 
about the wire does not interfere with the layer of 
condensed particles about the magnet, the wire 
should attract the magnet just as it attracts iron 
filings. We know from Dr. Faraday's researches 
that a mass of matter placed between the poles of 
an electro- magnet, in such a way as to be tree to 
swing, will place itself either axially, i.e. with its 
longer axis in the line joining the poles, or equa- 
torially, i.e. with its longer axis across or at right 
angles to the line joining the poles; and we also 
know that a substance, which when in one medium 
places itself axially, will in some cases, when in a 
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different medium, place itself eqnatorially (Gordou's 
" Physical Treatise on Electricity and Magnetism," 
vol. ii., p. 30). Hence it becomes apparent that the 
mass of matter places itself axially, when its par- 
ticles are able to transfer the force developed about 
the poles of the magnet better than the particles of 
the air or other mediums in which the magnet and 
the mass of matter ai'e able to transfer force, and 
equatorially when its particles do not transfer tlte 
force developed about the poles of the magnet so 
well as do the particles of the medium ; and when 
consequently the mass of matter would, if it placed 
itself a,sially, interfere with the formation of con- 
densed layers of particles of the medium about the 
poles of the magnet in a manner which it does not 
do if it is placed equatorially. We can therefore 
understand that the fact of a magnet when free to 
swing placing itself axially with reference to currents 
of force developed upon the earth's surface, though 
it implies that the magnet is sensitive to the action 
of these force cnrrents, no more implies any de- 
velopment of force within the magnet than does 
the fact of any other mass of matter placing itself 
axially between the poles of a magnet imply a 
development of force within that mass. 

92. The fact tliat heat weakens the action of a 
magnet and finally destroys all magnetic power can 
be explained on the assumption that the first effect 
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of the application of heat to tLe magnet is to drive 
ojf the moiature npoQ which the action of the 
magnet depends ; just as, by driving off the mois- 
ture upon which the action of a dry pile depends, 
the application of heat to a dry pile such as Deluc'a 
is found to destroy the action of the pile (Miller's 
• "Chemistry," part i., p. 607). The secondary 
effect of the application of heat to a magnet may, 
when the heat is very great, be assumed to be to 
cause, by setting np a considerable amount of 
movement in the particles of the bar, a disarrange- 
ment of the pairs of particles on the correct arrange- 
ment of which the action of the bar as a magnet 
depends. When the pairs of particles have been 
disarranged in such a way that all the carbon par- 
ticles no longer face one way, but some face in one 
way and some in another, the action of one pair 
will interfere with the action of another, just as is 
the case in a bar before it is magnetized, and the 
bar will be found to have lost all its magnetism. 

93. We have seen that when a mass of iron is 
brought near to one of the poles of a magnet repulsive 
force paeaeH from the iron to the magnet and com- 
pulsive force from the magnet to the iron. If the iron 
mass is iu the form of a coil of insulated wire, a 
momentary current of compulsive force, going from 
the end nearest the magnet to the distant end of 
the coil, and of repulsive force, passing from the 
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distant end of the coil to the end nearest to the mag- 
net, will be set up in the coil; when the coil is 
removed from the magnet a similar current, but in 
the opposite direction, will paaa along the wire, aa 
the balance of forces no longer disturbed by the 
proximity of the magnet ia restored. If the two 
ends of such a coil are connected by a wire, a car- 
rent of force, consiating of compulsive force going 
in one direction and of repulsive force going in the 
opposite direction, will pass along the wire each 
time the coil is brought near to and taken away 
from one of the poles of a magnet. If some ar- 
rangement is adopted whereby the coil is for a 
number of times in rapid Buccesaion presented to 
and removed from one of the poles of a magnet, 
and if then the cnrrenta set up in the coil in one 
direction only are taken, a current, intermittent 
indeed, but, in other respects, similar to the current 
obtained with a galvanic battery, or a frictional elec- 
tric machine, will thus be obtained from the magnet. 

94. We have already alluded to the action of 
force currents about the earth in causing a magnet, 
when able to swing freely, to take up always a par- 
ticular position ; and we may therefore now turn to 
the consideration of the phenomena connected with 
thermo-electricity, to which probably these force 
cnrrents are due. 

We findthen (Roscoe's "Chemistry," vol. ii., parti,, 
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p. 1 7) that the quantity of heat required to raise the 
temperatnre of a given weight of iron through 1° is 
nearly four times as great as the quantity required 
to raise the temperature of the same weight of pla- 
tinum through 1°. And since when two bodies are 
brought into contact^ the fact of one of them 
appearing to be hot stows that the hot body is 
transferring repulsive force to the other; and the 
fact of one of the bodies, under the same cir- 
cumstances, appearing cold shows that the cold 
body is taking repulsive force from the other ; and 
since a high temjierature in a mass of matter indi- 
cates that a large amount of repulsive force is stored 
about the particles of the mass ; and since repulsive 
force cannot be stored without the displacement to & 
corresponding amount of compulsive force, and the 
high temperature therefore indicates also that the 
body, though it has gained a large amount of repulsive 
force, has lost a correspondingly large amount of 
compulsive force, from its particles ; we may assume 
that the fact that when two bodies are heated to 
the same extent and in the same way one is raised 
to a much higher temperature than the other indi- 
cates that particles of the one part more readily with 
compulsive force than do those of the other, and 
also that the one at the lower temperature has 
transferred to tho particles of surrounding sub- 
stances a larger proportion of the repulsive force in 
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the form of heat it has received than the other has 
done, whilst the one at the higher temperature has 
transferred a much larger proportion of compnlsive 
force than the other has done. 

And when then we find that a given weight of 
iron takes nearly four times aa mach heat to raise 
its temperature through 1° that the same weight of 
platinum tabeSj we may conclude that for a rise of 
1° of temperature the particles of iron transfer 
about four times aa much heat to the particles of 
surrounding substances as those of platinum do ; 
but that, on the other hand, the particles of 
platinum will transfer nearly four times as much 
displaced compulsive force to the particles of 
surrounding substances as the iron particles do. 

If then we take a bar of platinum and a bar of 
iron, and after uniting the bars together at one end 
and connecting the other ends of the bars together by 
a wire, proceed to heat the two bars at the point where 
they are joined together, we may expect, i'rom what 
we have already learnt in regard to the difference of 
effect produced by heat upon a bar of platinum aud 
a bar of iron, that compulsive force will pass along 
the wire from the platinum to the iron and repul- 
sive force from the iron to the platinum, and that 
we shall get a current of electricity similar to the 
currents obtained with galvanic batteries and fric- 
tional electrical machines. Accordingly we find 



164 Light the Dominant Force 

tbat this is tbe case, and tliat a galvanometer placed 
in the circuit will iadicato the passage of a current, 
juat as it does when placed in the circuit of a 
galvanic battery or frictional electric machine. The 
current) howeverj in the case of a thermo-electric 
pair is very much feebler than that obtained from 
a galvanic pair. 

If Tve take two bars of any other metals which 
have a different capacity for retaining heat, and 
make the two up into a pair in the same way as the 
bars of platinum and iron were made up, we shall 
be able to obtain similar currents of electricity. 
And we can take several of these pairs aud connect 
them together in the same order as the pairs of a 
galvanic battery are connected together and thus 
make up a thermo-electric battery. 

95. The surface of the earth, broken up as it ia 
with maasea of land and water, which differ from 
each other in their capacity for retaining heat, 
resembles a huge thermo-electric battery, in which 
the atmosphere takes the place of the wires, and 
in which the junctions of the pairs of which the 
battery is made up are heated at the one end or 
pole, whether north or south of the earth, which for 
the time ia turned to the sun, and cooled at the other 
which for the time is turned away from the sun, by 
the collection of ice or snow which takes place. 

96, We have thus seen that currents of electricity, 



of the Universe. 165 

consisting of' force of one kind passing in from ono 
direction and of force of the opposite kind passing 
out in the opposite direction, are obtained from 
chemical force with a galvanic battery or with a 
magnet, from physical fot-ce with a frictional electric 
machine, and from heat in a thermo-eleeti-ic battery, 
and thus to make the chain complete we have only to 
show that currents of electricity can be obtained 
from Light. And this has been done by Professor 
W. G, Adams and Mr. Day, who have shown 
(Gordon's "Electricity aud Magnetism," vol. ii., 
p. 266), with light from different sources, that if 
platinum wires are attached to the two ends of a 
piece of selenium and the free ends of the wires are 
brought together, a current of electricity passes 
when one portion of the piece of selenium is illumi- 
minated. The direction of the current, when the 
junction of the platinum wire and the selenium is 
illuminated, is said to be from the selenium to the 
platinum, and we may hence perhaps conclude that 
the current represents displaced repulsive force 
passing from the selenium to the platinum, and 
displaced compulsive force passing from the plati- 
num to the selenium. We aro thus able to demon- 
strate completely the correspondence which subsists 
electrically between all forms of force known to us, 
and to show that electricity represents essentially 
a transference of force. 
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97. The action of condensers such a^ the Leyden 
jar and its modifications, in enabling a number of 
small charges to be stored np until a large charge 
has been accumnlated, is perfectly inteUigible. 

98. The action also of induction coila can easily 
be understood ; for we have seen that with the gal- 
vanic battery repulsive force passes from the copper 
plate and from contiguous substances along tho wire 
to the zinc plate, and that compulsive force passes 
along the same wire from the zinc plate to the 
copper plate and to contiguous substances; and if 
such a wire is made in the form of a coil in which a 
large amount of surface ia exposed to the air, it will 
clearly take a considerable amount of repulsive force 
from, and transfer a corresponding amount of com- 
pulsive force to, the particles of air in contact with 
it; if further, another coil of insulated wire is slipped 
over the first coil in such a way as not to be any- 
where in contact with the first coil, it is plain that 
the second coil will take the place of some of the 
particles of air from which the first coil before took 
repulsive force, and to which it transferred com- 
pulsive force, and that then the second coil, through 
the particles of air iutervening between it and the 
first coil, will transfer repulsive force to, and receive 
compulsive force from, the first coil, just aa, though 
more actively than, the particles of air which it 
■eplaced did; it is also plain that just as the two 
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forces pass through the first coil in opposite direc- 
tions, BO also will they pass in opposite directions 
through the second coil J and if therefore the two 
ends of the second coil are connected by two wires, 
a momentary current will pass through these wires, 
nntil a state of force equilibrium in the first and 
second coils ia arrived at, in which state repulsive 
force will he at a maximmn at one enil of the second 
coil, and compulsive force at a maximnin at the 
other ; so that if the second coil ia suddenly removeii 
from the neighbourhood of the first, and the force 
equilibrium thus again disturbed, another momentary 
current will pass through the wires connecting the 
two ends of the second coil, in the opposite direction 
to that in which the first current passed. Hence 
each time the second coii ia slipped on to and slipped 
off the first coil, currents in opposite directions will 
circulate through the second coil ; and if the second 
coil ia rapidly slipped on and off the first coil for a 
number of times in succession, a succession of currents 
in opposite directions will traverse the wires connect- 
ing the two ends of the second coil. It is clear also 
that the same effect will be attained if, in place of 
slipping the second coil on and off the first coil, the 
connexion between the first coil and the battery is 
rapidly made and broken for a number of times ia 
ancceasion, ao that a current from the battery will 
intarily circulate and then cease to circulate 
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through the first coil. We may assume that the 
second coil will act as an accumulator, ho that the 
longer it is the greater will be the amount of force 
stored up in it, and the greater consequently the 
intensity of the currents it is able to set up. 

If we take au additional wire, and connect its ends 
with the wires of the coil when currents in one 
direction are passing and disconnect the ends when 
currents in the opposite direction are passing, we 
can obtain currents all in one direction from the 
second coil. 

If we separate the wires connecting the two ends 
of the second coil by a short interval, the effect will 
be as it were to dam up or accumulate force of 
opposite kinds in the two wires, just as force of 
opposite kinds is accumulated in a Leyden jar, until 
the compulsive force in one of the wires has so far 
condensed the air particles between the wires — much 
in the same way, as we have seen at paragraph 91, 
that air particles are condensed about the poles of a 
magnet — as to provide a road by which the two forces 
can pass. Thus with an arrangement of this sort, 
which is called an induction roil, and which some- 
times, as in the case of Dr. Spottis wo ode's great coil, 
is carried unt on a very large scale, sparks can be 
obtained many times longer than those which a 
battery without such an arrangement is able to 
furnish. 
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99. We thas see that, on the one hand, with a 
galvanic battery or with a frictioDal electric machine 
we may obtain from force of any kind, whether 
chemical or physical, corrantB of electricity, from 
which — if we confine them to a narrow road, by 
making them at some point pass through a short 
length of fine wire, or for a short distance pass across 
a break filled with air or other gaseous particles, 
with which, owing to the smaliness of the nnmber 
of particles in a given volume in comparison with 
the number of particles in the same volume of a 
solid, the road ia practically narrowed just as much 
as with a fine wire — we shall obtain a development 
of light or of heat, or of both (and it ia noticeable 
that the finer the wire, or the more attenuated the 
gas through which the current passes, the greater 
is the development of light and of heat with any 
current) ; or if by interposing an electro-magnet in 
its path we furnish as it were at some point the 
current with a broad road, as explained in para- 
graph 88, we shall obtain from the current a 
development of force. 

On the other hand we can, as we have seen, by a 
thermo-electric battery, or with a piece of selenium 
with its ends connected by a platinum wire, obtain 
from light and heat currents of electricity from 
which, although they are very weak in comparison 
with currents obtained in other ways, we may, by 
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furnishing them with a broad path hy iQeans of the 
electro- magnet, obtain a development of compulsive 
force, or by the Leyden jar aa Dr. Qancke baa 
shown {Pbi!. Magazine, Jaly, 1880, p. 30) we may 
obtain a development of expansive or repnlaive Force. 

We can therefore, by taking advantage of the 
fact that when force of one kind enters force of the 
opposite kind is displaced, and utilizing either the 
incoming force or the ontgoing displaced force 
according as force of the one kind or of the other ia 
required, convert at pleasure force of any descrip- 
tion into light or heat, or light or heat into force of 
either kind, and can thus show with almost absolute 
certainty the connesion between light and heat and 
force of the two kinds. 

100. Since heat ia most plainly identified with 
expansive or repulsive force, we might, therefore, 
even were no other evidence to the fact forthcoming, 
from a consideration of electrical phenomena alone 
with reasonable certainty identify light with com- 
pnlaive force. But there is, as we have already 
seen, in chemistry, and as we shall see hereafter in 
physiology and astronomy, and in the consideration 
of the physical properties of light and heat, a large 
amount of additional evidence to the same effect 
forthcoming. And if then any one should ask what 
ia the nature of the Electric Light, we may reply 
with confidence that it is a development of precisely 
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the same force as that by which a man draws back 
an arm or a leg, or as that by which an apple is 
drawn to the earth when it is detached from the 
tree, or as that by which the earth and the other 
planets are continually drawn towards the sun and 
which is recognized by us aa sunlight, or as that by 
which the flame of a candle or that of a fire draws 
air to itself. The particular development of 
force by which the Electric Light is produced is 
the electric current which, as we have seen, can be 
obtained in great strength either with a galvanic 
battery or a frictional electric machine, or from amag- 
net or electro-magnet, in the way explained in para- 
graph 93, by utilizing force ofanykindto drive, for 
a number of times in rapid succession, a number of 
coils usually mounted upon a rotating cylinder, 
alternately near to and away from the magnet'; and 
thus combining, as it were, a current of the galvanic 
type from the magnet with a current of the frictional 
electric type from the force. Emissions of light are 
obtained when currents set np in any of the above 
ways are confined to narrow roads. But with the 
magneto-electric current, in a measure, the steadi- 
ness of the galvanic is combined with the intensity 
of the frictional current; and this therefore is the 
form generally used for the Electric Light. By 
using several sets of electro -magnets, and passing 
the current obtained from one set into a larger set 
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and so on, a current of great strength can be 
obtained. 

If it should be objected that light cannot be the 
same as the compulsive force developed on amagnet 
or by friction on a glass tube or on a piece of sealing- 
wax, because some sabatances, such as glass, quartz, 
&c., are non-conductors of electrical force and yet 
allow rays of light to pass freely through them, we 
may point out that Faraday has shown that a body 
can be charged inductively with electric force more 
rapidly wien a piece of glass is placed between it 
and the excited body from which the charge is 
received than it can if the glass is removed, though 
the body cannot be charged inductively if an unin- 
sulated plate of metal is substituted for the piece of 
glass ; and that the natural inference from this is, that 
the piece of glass allows the rays of electric force 
thus impinging perpendicularly on its surf'ace to pass 
freely through it just as it allows rays of light to 
pass freely through it. This accords also with the 
fact that glass allows rays of magnetic force which 
impinge perpendicularly upon its sui-face to pass 
freely through. Glass is indeed a non-conductor of 
electrical currents which travel in a direction parallel 
to its surface, but also it reflects and refuses passage 
to rays of light which are nearly parallel to its sur- 
face. Hence glass treats light and electric force 
very much iu the same way. 
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CHAPTER V. 

PHYSICAL PROPERTIES OP LIGHT AND HEAT. 

101. We may now pass to tho coaaideration of the 
pliysical properties of light and heat, and endeavour 
to show how they can be explained consistently with 
the assumption that light represents compulsive and 
heat repulsive force ; so that we may be more sure 
of our ground before endeavouring to show in the 
subjects of physiology and mechanics how the 
oppositenesa of the action of light and heat or 
of compulsive and repulsive force is turned to 
■ account in nature and art to build up animate 
. bodies — just as we have seen already how the same 
fact is turned to account to build up inanimate 
masses and bodies — ^and to supply the wants both 
mental and physical of the living bodies when they 
have been built up. 

102. We find, then, that light and heat are very 
generally found together, and that they are radiated, 
transmitted, reflected, refracted, magnetized, and 
polariaed in the same way; and we have now to 
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endeavour to explain howthia ia possible if liglit and 
heat respectively represent tbe compulsive and repnl- 
sive forces, which are not similar bat opposite forces. 
We shall see hereafter, that rajs of compulsive 
force perceptible in the form of light rays are 
always accompanied by rays of repulsive force ; and 
since the one force wherever it enters displaces the 
other, no impulse of either of the forces in all pro- 
bability is ever absolutely free from the company of 
the other force. Nevertheless, we have instances 
in which organic substances, such as decaying 
vegetable matter, or inorganic substances, such as 
quick-lime and pyrites, in decomposing emit a sen- 
sible amount of beat unaccompanied by a visible 
amount of light : in like manner, we have instances 
in T^bich organic substances, Buch as hsh and wood, 
or inorganic substances, such as phosphorus, emit 
in decomposing a visible amount of light unaccom- 
panied by a sensible amount of heat. 

Again, we have cases in which heated bodies when . 
removed to a cold place coatinue for some time to 
radiate heat unaccompanied by a visible amount of 
light; and in like manner we have cases in which 
substances — such as luminous paint, Cantou'a or 
Baldwin's phosphorus, or Bologna stone, and 
many others which have been found by M. Becquerel 
(Miller's " Chemistry," vol. i., p. 21 7) to possess the 
property of phosphorescence — will, after they have 
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been strongly illuminated, continue for some time, 
when removed to a dark place, to radiate light 
unaccompanied by a sensible amount of heat. 

Hence so far we have parallel cases both for 
light and heat in confirmation of the view that 
the two, are opposite and not identical iu cha- 
racter. 

103. Ifwenow turnback to Fig. 6, at p. 55 we shall 
perhaps be able to understand without much diffi- 
culty how light and heat rays, though opposite in 
character, can keep together, so far as to be traus- 
mitted, reflected, refracted, and polarized in the 
same way. For we may notice that the shaded 
spaces which are supposed to represent, as shown 
in Fig, 5, approximately the spaces occupied in each 
particle by compulsive force, are contiguous in con- 
tiguous particles ; so that if we look at any two con- 
tiguous particles we find that the two shaded spaces 
of the one particle on the side nearest the other 
particle coincide with or exactly fit on to the two 
corresponding shaded spaces in the corresponding 
or nearest aide of the other particle ; and since, as 
defined in paragraph 31, two shaded spaces in con- 
tinuation of each other between two contiguous par- 
ticles represent a bond of compulsive force linking 
the two particles together : we thus see that the 
particles in any pair of contiguous particles we may 
select in the crystal (Fig. 6), whether we take them 
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lengthwise, breadthwise, or deptbwise, are linked 
together by two bonds of compnlsive force ; and in 
the same way are kept apart by two struts of repul- 
sive force, which are represented by the unshaded 
spaces, and which intrude or intervene between the 
two bonds of compulsive force linking the two par- 
ticles together. 

If now instead of taking a single pair of particles 
we take three particles in a row in any direction, we 
see that though the middle particle of the three is 
connected by two bonds of compulsive force with and 
separated by two struts of repulsive force from the 
two particles on either side of it, yet that the two 
bonds of compulsive force connecting the middle 
particle with the particle on one side are not con- 
tinuous with the two bonds connecting the middle 
particle with the particle on the other aide of it, but 
the continnity of the two sets of bonds is broken in 
both cases by an intruding strut of repulsive force ; 
so that if an impulse or increment of compulsive force 
were to travel through the three particles by the 
bonds of compulsive force by which they are linked 
together, it would have at the central atom of each 
particle both to make a detour to get round the 
intruding strut of repulsive force which by breaking 
the continuity of the bonds of compulsive force would 
block its onward progress, and at the same time to 
displace a portion of this intruding strut of repulsive 
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force, in order to get from one bond of compulsive 
force to another. So also we aee that the struts of 
repulsive force separating the middle particle from 
the two particles on either side of it do not ran con- 
tinuously through the three particles, bnt the con- 
tinuity of the two sets of struts is brolten in both 
cases by the iutrnsion of a bond of compulsive force ; 
so that if an impulse or increment of rep ulsive force 
we're travelUng through these three particles by the 
struts of repulsive force separating them one from 
another, it would have to displace at the central 
atom of each particle a portionof the intruding bond 
of compulsive force, and would have at the same 
time to make a detour in order to pass from one 
strut of repulsive force to another. The fact that im- 
pulses of compulsive force do travel through masses 
by the bonds of compulsive force linking the par- 
ticles together, and repulsive force impulses by the 
strata of repulsive force holding the particles apart, 
seems to be clearly indicated, not only by the fact 
shown iu paragraph 42, that when a bar — which, as 
we have seen at paragraph 11, may be looked upon 
as an aggregation of a number of rows of single par- 
ticles of the full length of the bar — is attached to a 
mass of matter able to transfer force impulses 
received from the bar, without motion, then impulses 
of force acting from a centre situated nearer to the 
free end of the bar than to the end attached to the 
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masa, in travelling to the raas3 of matter througli 
the bar produce, if they are impulses of compulsive 
force tending to rend the bar from the mass, lateral 
contraction in the bar, showing that the bonds of 
compulsive force linking the particles of the bar to 
the masa have been contracted, and if they are of 
repulsive force, lateral expansion, showing that the 
struts of repulsive force separating the particles of 
the bar from those of the mass have expanded ; but 
is also shown even yet more clearly in the mechanical 
principle of the Lever, with which it is seen that a 
bar is practically unable to transfer from one end to 
the other impulses of force of either kind in a direc- 
tion transverse to its length, or at right angles to 
the direction in which the bonds or struts connecting 
or separating its particles run, though the same bar 
is able to transfer similar impulses of force of both 
kinds in the longitudinal direction, or in the same 
direction as that in which the bonds or atruts con- 
necting or separating its particles run ; for wo find 
that jnat in proportion as the length of the bar 
increaaes does the portion transferred from one end 
to the other of a force applied transversely to one end 
of the bar diminish, so that if two impulses are 
applied transversely to a bar, one at the end and the 
other at the middle, then twice as much force will 
reach the other end of the bar from the force applied 
in the middle as will reach it from the force applied 
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at tlie end ; and if tlie two forces are acting in oppo- 
site directions, then the uii transferred portion of the 
force applied at the end will be so great that it will 
be able to balance the comparatively small portion 
of force remaining nntranaferred from a force twice 
as great applied at the middle. Hence we learn that 
impulses of force can only travel in the direction 
in which the bonds and struts connecting or aepa- 
ratintf the particles are arranged. 

If now we isolate from the rest the row of three 
particles at which we ha7e been looking, and which, 
as we have seen, are held together each to each by 
bonds of compulsive force, and kept apart one from 
another by struts of repulsive force, and look upon 
the three particles thus connected together in a row 
as forming a bar, we shall — if we assume that im- 
pulses or increments of compulsive force travel only 
through the bonds of compulsive force hy which par- 
ticles are linked together — ^be able to understand 
how if an impulse of compulsive force in the shape 
of a ray of light impinges perpendicularly upon one 
end of the har of three particles, that portion of the 
ray which falls on the shaded spaces, or spaces occu- 
pied by compulsive force in the envelope of the par- 
ticle at the end on which the ray impinges (see 
Fig, 7) will enter the particle, whilst that portion of 
the ray which falls upon the unshaded spaces, repre- 
senting spaces occupied by repulsive force, will fail ' 
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to enter the particle and will be turned back, or, as 
it ia called, reflected. Similnrly, 
if an impulao of repulsive toroe 
in the form of a ray of heat falls 
upon the end of the bar, we can 
— if wo assume that impulses or 
increments ot repulsive force 
travel only through the struta of 
repulsive force aoparating par- 
ticles one from another^eaaily 
understand that the portion of 
the ray which falls upon the 
unshaded spaces, reproaeating 
spacea occupied by repulsive 
force m tiie envelope of the par- 
ticle at the end on which the ray 
impmgOR, will enter the particle, 
whilst that portion of the ray 
which falls upon the shaded 
showhiB on « TCTy Bi- spaces occupiod by compulsive 
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the central atom of the particle, the ray, if it is 
one oE light, must, since its road is along the 
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compulsive force bonds connecting; the particles — 
which bonds, as we have seen, do not run con- 
tinuously through from one pair of particles to 
another — bend round to avoid the repulsive force 
strut which bars its onward progress in a straight 
line, and follow, as we may assume, some such 
direction as that indicated by the dotted line a aa a 
in Fig. 7. On reaching the central atom of the nest 
particle the ray must again bend, to avoid the re- 
pulsive force strut which again bars progress in a. 
straight line ; and now the bend is in the opposite 
direction to the previous one, and the ray, following 
as we assnme some such direction as that indicated 
by the dotted line, gets back into the line it was 
following when it entered the top particle of the 
bar. When the ray reaches the central atom of the 
next particle it again bends back in the same way 
as with the first particle; and thus it proceeds right 
through the bar, following a wavy or undulating 
track, as indicated by the dotted line a a a a ia 
Kg. 7. 

If the whole or the greater part of the ray which 
impinges upon the top of the bar passes straight 
through the bar, and after it emerges from the bar 
moves on in the same direction as it was moving 
when it entered the bar, the material of the bar is 
said to be transparent ; and in this way glass is 
transparent. If the ray, or the greater part of it. 
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after it enters tte bar is twisted and scattered, so 
that when it emerges from the bar it is broken up 
and dispersed in diiFerenc directions, the material of 
the bar ia said to be opaque j thus a metal, such as 
copper, or iron, or gold, is opaque. And we can 
easily understand how it happens that most sub- 
stances are more or less opaque ; for if we turn back 
to I"ig. 6 we shall see at once that even when the 
particles are arranged with perfect symmetry a I'ay 
when it enters a fresh substance has, owing to the 
way particles are linked together, a number of 
roads open to it by which to travel through, and 
must inevitably scatter a good deal even under the 
moat favourable circumatancea, one part going by 
one road and one part by another; but when, as 
must generally be the case, the particles are not 
arranged with perfect symmetry, the roy has but a 
very small chance of passing through unaltered ; 
thus we find that even glass, if its particles are 
twisted or distorted, is no longer perfectly trans- 
parent, and if one of its surfaces is roughened, or, 
as it is termed, ground, the ray is so much scattered 
on emerging that the glass becomes semi-opaque. 
On the other hand, wo learn that even such opaque 
substances as gold and silver aro not perfectly 
opaque ; for Faraday has shown that a very fine 
film of gold, of the estimated thickness of j^^ of 
an inch, is translucent and transmits green light, 
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and if heated has the arrangement of its particles ho 
nearly rendered symmetrical that it ia able then to 
transmit white light, or hght which ia almost white ; 
also that a fine film of silver when strongly heated 
has the arrangement of its particles so far modified 
that it becomes translucent ("Researches in Che- 
mistry and Physics,*' p. 393). And we thus learn 
that a ray of light, or at least a considerable portion 
of it, is able to find its way through the first two or 
three layers of particles on the Barface even of so 
Opaqoe a substance as a mass of gold, and gets 
gradually scattered or turned back as it endeavours 
to penetrate more deeply into the mass. 

If ia the same way we follow a ray of heat, which 
travels by the struts of repulsive force by which 
particles are separated one from another, we shall 
see tliat the ray of heat will have to make a bend 
at each central atom to pass round the bonds of 
compulsive force which block the way, just aa the 
ray of light has, as we have seen, to make a bend at 
each central atom to avoid the struts of repulsive 
force which block the way; and thus the path of 
the heat ray will be a wavy or undulating one, 
similar to that of the light ray, and following, as we 
may assume, some snch direction as that indicated 
by the dotted line llbbb in Fig. 7. The beuda 
which the heat ray makes will be iu the opposite 
direction to those the light ray makes, supposiug 
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both rays to pass into the bar by the same side of 
the game particle. 

From the explanation of transparency and opacity 
given in the case of light rays we shall readily 
understand how substances maybe transparent or 
opaque to heat raya; also how some substances are 
transparent or opaque to rays of both light and 
beat J whilst other substances are transparent to 
rays of one kind and opaque to rays of the other 
kind. 

We thus see that light and heat if they repre- 
sent respectively compulsive and repulsive force 
must necessarily be transmitted and reflected in the 
same way ; and the fact of their coming together 
from the same direction as we see they so often do, 
is no proof therefore that they represent the same 
force. 

104. We may therefore now proceed to the 
study of the Polarization of Light and Heat rays. 
We have seen then that when a ray of liglt im- 
pinges perpendicularly upon a body the portion of 
the ray which impinges upon the spaces in the 
surface particles of the body occupied by ccmpnl- 
aive force (shown by the shaded spaces in Figs. 6 
and 7) will enter the particle, whilst that partion 
which impinges upon the spaces occupied by repul- 
sive force (shown by the unshaded spaces in figs. 
and 7) will be turned back or reflected ; and that 



the portion of the ray which enters the body will 
pass on through it by the compulsive force bonds 
which connect the particles of the body together, 
and will finally emerge from the body through the 
compulsive force apacea in the particles at the sur- 
face of the body opposite to that at which the ray 
entered. So also we have seen that when a ray of 
heat impinges upon a body the portion of the ray 
which impinges upou the spaces in the surface 
particles of the body occupied by repulsive fores 
will enter the body, whilst the portion falling upon 
the spaces occupied by compulsive force will be 
turned back or reflected. "We have seen also that 
the portion of the ray of heat which enters the body 
passes through it by the repulsive force struts 
which keep the particles of the body apart, and 
finally emerges from the body through the spaces 
occupied by repulsive force in the particles at the 
surface of the body opposite to that at which the 
ray entered. But if now we turn once more to Fig. 
6, p. 55, we shall be able to see at once that if we 
have two precisely similar crystals, of the form 
shown in Fig. 6, of the same material and under 
the same temperature and pressure, and therefore 
having not only the same number of particles ar- 
ranged in the same way in each of their sides, but 
also having the shaded and unshaded spaces on the 
surface of each side equal in area, and so i 
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that for every shaded space which there may be on 
the surface of any one side there will be a corre- 
sponding shaded space of the same size and in the 
same relative situation on the surface of every other 
aide, and also for every unshaded space whicU there 
may be on the surface of any one side there will be 
corresponding unshaded space of the same size and 
in the same relative situation on the surface of every 
other side; and if we place one crystal upon the 
other, so that the under face of the one exactly 
covers the apper face of the other, — then either 
each shaded space in the under surface of the upper 
crystal will exactly cover a shaded space in the 
upper surface of the lower crystal, and each un- 
shaded space in the under surface of the upper 
crystal an unshaded space in the upper surface of 
the lower crystal, or else each shaded space in the 
under surface of the upper crystal will cover an 
unshaded apace in the upper surface of the lower 
crystal, and each unshaded space will cover a shaded 
space. We shall see this more clearly perhaps by 
looking at Figs. 8 and 9 ; for if A be a particle in 
the under surface of the upper crystal, and B a 
particle in the upper surface of the lower crystal, 
then it is clear that, if the two faces of the crystals 
exactly coincide, either the pai tides will be disposed 
BO that the shaded and unshaded spaces of the one 
respectively cover the shaded and unshaded spaces 
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in the other, as in Fig. 8, or else the particles will be 
disposed so that the shaded spaces of the one co?er 
the unshaded spaces in the other, and the un- 
shaded the shaded Bpaces, aa in Fig. 9. It wiU also 
be clear that if while the crystals are arranged in the 
way indica.ted by Fig. 8, or with shaded space 
eoTOring shaded space, one of the crystals is turned 
through an angle of 90", then the arrangement will 
be that indicated in Fig. 9, or shaded space will 
cover unshaded space ; but if the same crystal is 
turned through a further angle of 90°, then the 
arrangement indicated in Fig. 8 will be reverted to, 
or shaded space will cover shaded space. 

If now after the two crystals have been thus 
placed one upon the other a ray of light should im- 
pinge perpendicularly upon the upper surface of the 
upper crystal, in aach a way that a portion of the 
ray, after entering the crystal through the shaded 
spaces, or spaces occupied by compulsive force in 
the surface particles, passes through it by the bonds 
of compulsive force connecting the particles in the 
way already described, it is clear that on emerging 
from the crystal through the shaded spaces in the 
particlesof the under surface the ray will, if the shaded 
spaces in the under surface of the upper crystal 
exactly cover, as in Fig. S, the shaded spaces in the 
upper surface of the iower crystal, find a clear road 
open to it into the lower crystal through the shaded 
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spaces in the upper surface of the under crystal, 
and the whole will pass into and through the lower 
crystal just as if the lower crystal were an integral 
part of the upper j but if, on the other hand, tho 
shaded spaces in the nnder surface of the upper 
crystal cover unshaded spaces or spaces occupied by 
repulsive force in the upper surface of the lower 
crystal, as in Fig. 9, it is clear that then the ray on 
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emerging from the upper crystal will find its further 
progress stopped by the unshaded spaces, or spaces 
occupied by repulsive force lying immediately in its 
path, and blocking further progress, and the whole 
of the ray will be turned back or reflected. 

But we have already seen that if, when the arrange- 
nient of the surface particles of the crystals is that 
indicated in Fig. 8, with which shaded space covers 
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shaded space, and a ray whicli enters at the upper 
surface of the upper crystal, ia able to pass right 
through both crystals, one of the crystals ia turned 
through an angle of 90°, then the arrangement of 
the surface particles will be that indicated in Fig. 9, 
in which shaded space covers unshaded space, and a 
ray which enters the upper surface of the upper 
particle will be turned back or reflected at the 
upper surface of the lower particle, and none of it 
get through both crystals ; also, we have seen that 
if the same crystal be then turned through a further 
angle of 90°, the arrangement of the surface particles 
indicated in Fig. 8 will be reverted to, and shaded 
apace will once more cover shaded space, and a ray 
entering the upper surface of the top particle will 
pass right through both particles. 

But we have here a clear explanation of the fun- 
damental experiment on which the theory of the 
polarization of light is founded, namely, that in 
which a ray of light which passes through two 
similar plates of tourmaline when they are arranged 
in a particular position, is shown to be unable to 
pass through the two plates when one of them ia 
turned through an angle of 90° so as to set the 
plates crosswise, but is again able to pass if the 
same plate is turned through a further angle of 90°; 
for if we assume that when the two plates of 
tourmaline are so arranged that a ray uf light 
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passes freely through them, the particles at the op- 
posite surfaces of the two plates are in the same 
position relatively to each other as the two particles 
in Fig. 8, it is clear that if then one plate is turned 
through an angle of 90° the particles at the op- 
posite surfaces of the two plates of tourmaline will 
be brought in the same position relatively to each 
other as are the particles in Fig. 9, and that any 
ray of light which may find its way through the 
first plate will, as we have seen, impinge upon and 
be turned back by the spaces occupied by repulsive 
force in the particles at the surface of the second 
plate, and so no rays will pass through the two 
plates; also, that if then the plate wliich has been 
turned through an angle of 90° is further turned 
through another angle of 90°, the particles at the 
opposite surfaces of the two plates of tourmaline 
will be once more in the same position relatively to 
each other as are the particles in Fig. 8, and any ray 
of light which may find its way through the first 
plate will impinge upon and find a clear road through 
the spaces occupied by compulsive force iu the par- 
ticles at the surface of the second plate, and so rays 
of hght will once more pass through the two plates. 
And we can also explain in the same way the 
other experiments exhibited in connexion with the 
polarization of light ; for if when two crystals of the 
form shown in Fig. 6 are placed one upon the other 
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in ench a way that in tbe particles of the surfaces 
in contact shaded space covers unshaded space, in 
the way shown in Fig, 9, and in consequence raja 
of light which find their way through the top 
crystal are turned back or reflected at the surface of 
the under crystal and are unable to pass through 
both crystals, a thin sheet of mica or some other 
substance is slipped between the two crystals, it is 
clear that, owing to the particles of the mica being 
of a different size and difEerently arranged from the 
particles of the crystal, the shaded spaces, or spaces 
occupied by compulsive force in the under surface 
of the upper crystal, will partly cover shaded and 
partly cover unshaded spaces in the upper surface 
of the sheet of mica, and similarly the shaded spaces 
in tbe under surface of the sheet of mica will partly 
cover shaded and partly cover unshaded spaces in 
the upper surface of the lower crystal ; and hence it 
is clear that if a ray of light passes through the top 
crystal and reaches the sheet of mica, a portion of 
the ray will, on emerging from the top crystal, im- 
pinge upon a shaded space in the upper surface of 
the sheet of mica, and will pass through tbe mica ; 
and that a portion of that part of the ray which 
finds its way through the mica will impinge upon a 
shaded space in the upper surface of the lower 
crystal, and will thus pass through the lower crystal 
also, although without the mica it would be im- 
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possible for any portion of a ray to get through the 
two crystals. But in this way, clearly, we may 
explain another of the fundamental experiments in 
connexion with the theory of the polarization of 
light, with which the introduction of a film of mica, 
or some other substance, between the crossed plates 
of tourmaline throngh which in the ordinary way 
no rays of light can pass, suffices to enable some 
rays to get through both the tourmalines, through 
which no rays could pass before. 

In paragraph 103 we endeavoured to follow and 
track the path of that portion of a ray of light 
which by impinging upon the shaded spaces, or 
spaces occupied by compulsive force, in the surface 
of a crystal of the form shown in Fig, 6, passed into 
the crystal ; if we now endeavour to track the path 
of that portion of the same ray which, owing to its 
impinging upon the unshaded spaces, or spaces 
occupied by j-epulsive force, in the surface of the 
crystal, is reflected and turned back, we shall have 
Uttle difficulty in understanding how — if the portion 
of the ray thus reflected from the shaded spaces on 
the surface of the crystal should subsequently im- 
pinge perpendicularly upon the surface of another 
crystal precisely similar to the crystal from which it 
was reflected, but disposed in such a way that, if the 
surface from which the ray was reflected and that 
upon which it subsequently impinges were brought 
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close together, the unshaded spaces of the surface 
from which the ray was reflected would be exactly 
covered by the shaded spaces of the surface upon 
which the ray impinges — every portion of the reflected 
part of the ray must then impinge upon a shaded 
spa«e on the sarface of the other crystal, and so 
impinging the whole of it would enter and pass 
through the second crystal, and no portion of it 
would be reflected. But in this way, clearly, we 
can explain another of tho fundamental experiments 
shown in connexion with the theory of the polari- 
zation of light, with which a beam of light after it 
has been reflected is enabled so to impinge upon a 
plate of glass as that the whole of the beam shall be 
enabled to pass into the glass, and none of it be 
again reflected. The fact that with this experiment 
the beam before it passes into the glass is reflected 
at a certain angle, and not perpendicularly, does not 
materially affect the case ; for we can understand that 
if, as will genei-ally, if not always, be the case with a 
solid, the shaded spaces, or spaces occupied by com- 
pulsive force, are greater than the unshaded spaces, or 
spaces occupied by repulsive force, the effect of 
causing a beam of light to impinge upon the surface 
of any solid at an angle less than a right angle will 
be to contract, so as to speak, the roadway open to 
the beam through the solid, and thus, by causing a 
greater proportion of the beam to be reflected, to 
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equalize in effect more nearly the shaded and im- 
ahaded spacos. 

We have thus explained the principal experiments 
which, with various modifications, are usually ex- 
hibited in connexion with the theory of the Polari- 
zation ■ of light. But it ia perfectly clear that if 
repulsive force ia substituted for compulsive force 
as the medium through which the rays travel, and 
compulsive for repulsive force as the medium by 
which the rays are reflected, the same explanation 
exactly will apply to the case of heat rays, just aa 
well as to light rays ; and when, then, we find that 
light and heat rays can both alike be polarized, and 
that the same experiments can be used with radiant 
heat raya to show the Polarization of heat (Tyn- 
dall on "Light," pp. 183 — 185} as are used with 
light raya to show the polarization of light, our 
confidence in the accuracy of the explanation is in- 
creased. 

We bare thus found iu the fact that both light 
and heat rays are transmitted, reflected, and 
polarized in the same way, proof of the accuracy of 
the view that light represents compulsive, and heat 
repulsive force. We may now pass on to study 
Refraction and Diffraction. 

105. The asaumptiou (Tyndallon "Light," p. 1 10) 
that the refmction— or change of direction which a 
beam of light always undergoes when passing from 
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one medinm into another of different density, pro- 
vided that the direction of the beam is not perpen- 
dicular to the sarface at which the transition takes 
place — ia due to the raya on one aide of the beam 
being retarded, owing either to their reaching 
sooner the anrface of a subatance in which the ray 
. travela at a lower velocity than it doea in tha other 
Bubatance, or to their emerging from a substance in 
which they travel at a low velocity later than the 
raya in the other side of the beam do, and to the 
other side of the beam in consequence swinging 
roand towards the retarded aide, aeema to imply 
a certain amount of coherence between the raya or 
opposite sides of the rays of which the beam is made 
np. And though a bar of any solid material, owing 
to the coherence of its particles, would, no donbt, 
swing round if one side of it were moving faster than 
the other, we have apparently no proof that the raya 
or opposite sides of the rays of which a beam of 
light is made up have sufficient coherence between 
themselves to rotate the beam or the rays if one 
side is moving faster than the other. We there- 
fore feel compelled to see if any other explanation 
of Refraction can be found. 

If, then, we turn once more to Fig, 6, it will be 
apparent that, if a ray of light or of heat impinges 
perpendicularly upon the surface of a body in which, 
as in the crystal shown in Fig, 6, the particles are 
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set perpendicularly to tlie surface, and entera the 
body, that the ray ia passing through the body will 
compress or expandj as the case may be, the par- 
ticles in one direction only, bnfc if the direction of the 
ray instead of being perpendicular to the surface is 
inchned at an angle to it, the compression or ex- 
pansion, as the case may be, must take place in two 
directions, at right angles to each other, one being 
perpendicular and the other parallel to the surface. 
And we may perhaps obtain practical proof that 
this, or the converse of this, is the case ; for if we 
half fill a plain uncut glass tumbler with water, and 
then hold a cheny or some other small fruit by its 
stalk in such a way that the fruit is immersed to 
the depth of about an inch in the water in the 
middle of the tumbler, we shall, if we look sideways 
down at the cherry in such a way that a straight 
line drawn from the cherry to the eye will be in- 
clined at an angle of about forty -five degrees both to 
the surface of the water and to the side of the tum- 
bler, see two cherries, one plainly produced by a 
ray which ia propagated by a compression of the 
particles in a direction perpendicular to the surface 
of the water, and the other by a ray propagated by 
a comprMsion of the particles in a direction perpen- 
dicular to that of the other ray, or parallel to the 
surface of the water, and both rays reaching the 
eye by the refraction, or bending iu a direction away 
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from the perpendicular, which occurs when the ray 
passes into the air. 

If then, after traversing a medium in which the 
particles are able to offer just as much resistance 
to a force tending to compress them in one direc- 
tion as in another, a ray of hght passes into another 
substance in which the particles are able to offer 
more resistance to a force tending to compress 
tliemj in a direction parallel to the surface than in a 
direction perpendicular to the anriace, it will be 
plain that, if the ray impinges upon the surface of 
this substance in such a way that its direction is 
not perpendicular to the surface, and that it must, if 
it enters the body, compress the particles of the 
substance in two directions — viz., one perpendicular, 
and one parallel to the surface,- — then the ray must 
be bent towards the direction in which it meets 
with the least resistance, and consequently towards 
a direction perpendicular to the surface. And if 
after passing through this substance in which, owing 
to the resistance to compression being greater in a 
direction parallel to the surface than in a direction 
perpendicular to the surface, the ray is bent towards 
a direction perpendicular to the surface, the ray 
emerges into another substance, in which the par- 
ticles are able to offer more resistance in a, direction 
perpendicular to the surface than they are in a 
direction parallel to the surface to a force tending 
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to compresa them, it is plain that the ray, if the 
Borface at which it emerges is parallel to that at 
which it entered, will aow be bent away from the 
direction perpendicular to the acrfacSj instead of 
towards it as before. la this way we may explain 
in a simple way why a ray which passes from a lesa 
refracting into a more refracting medium, when its 
direction is not perpendicular to the surface at 
which it enters the new medium is beut towards a 
direction perpendicular to that surface ; and if it 
passes in the same way from a more refracting to a 
less refracting medium, it is bent away from a 
direction perpendicular to that surface. If we 
suppose that in air particles about a solid or liquid 
surface the resistance to compression is greater in 
the perpendicular than in the parallel direction — 
aa it well may be since a film of the particles must 
be more or less flattened out; and that in a 
piece of glass the resistance to compression is 
greater in a direction parallel to the surface than it 
is in a direction perpendicular to the surface — aa it 
well may be, seeing that a sheet of glass, as already 
pointed out in paragraph 100, though it allows both 
rays of light and of electrical force which impinge 
perpendicularly npon ita surface to pass through, 
refuses passage to and turns back raya both of light 
and of electrical force which are parallel or nearly 
parallel to its surface, — it will be plain that a ray of 
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light) passing from air into glass when the direction 
of the ray ia uot perpendicular to the surface of the 
glass, will be bent towards a direction perpendicular 
to that aarface j similarly, if the ray passes from glass 
into air when its direction is not perpendicolar to 
the surface of the glass, it will be bent away from 
the perpendicular. In a similar way we may ex- 
plain bow refraction occurs with other aabstancea 
also. These are the ordinary facts connected with 
Refraction, and they serve, as we may plainly see, 
to give us an insight into the structure of aub- 
Btances. 

It ia plain that heat raja can be refracted in 
precisely the same way that light rays are refracted ; 
and accordingly we find light and heat rays brought 
to the same focus with a lena, by Refraction. 

lOli. We have seen that Refraction occurs, with a 
substance in which the particles are able to offer a 
greater amount of resistance to compression in one 
direction than in another, when a ray of light enters 
the substance from a direction which ia not per- 
pendicular to the surface, and when in consequence 
the ray in passing through must cause compression 
in the particles in the two directions in which their 
power of resisting compression ia dissimilar. Bub 
if we turn again to Fig. ti, we shall see that, since 
there are three axes to a particle, that the particles 
of which a crystal is built up may be so constituted 
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that their power of resisting compression may differ 
in three directions — or in other words, lengthwise, 
breadthwiae, and depthwise the power of the par- 
ticles to resist compression may bo difEerent; and we 
shall see also that the direction of a ray may be so 
inclined to the surface of a crystal that in order to 
pass throagh the crystal it must compress the par- 
ticles in three directions. And it is easy then to see 
that if particles have iu each of the three direc- 
tions in which a ray compresses them a difEerent 
power of resisting compression, the ray must be 
refracted in two directions, or undergo double re- 
daction, as it is called, dividing into two separate 
rays, which will each of them produce an image of 
the object from which the rays proceed ; just as in 
the experiment with a cherry suspended in a glass 
tumbler half full of water, we saw that the rays 
from the cherry divided in such a way that one part 
reached the eye by refraction from the surface of 
the water and the other part reached the eye by 
refraction from the side, and two images of tJie 
cherry were in consequence formed. 

If this is the right explanation of Double Refrac- 
tion, it is plain that heat rays as well as light raya 
can undergo double refraction ; and we shall not 
then be surprised to learn that the double refraction 
of heat can be experimentally demonstrated (Tyndall 
on "Light," p. 18G). 
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107. Passing now to Diffraction, we shall easily 
I that if a ray of light represents compulsive 
force and a ray of heat repulsive force, a ray of 
light or of heat will have to open a passage for 
itself by displacing a sufBcient amount of the oppo- 
site force, just as we have seen in paragraph 42, 
that other efforts or impulses of force have to open 
passages for themselves. But since a ray of light 
must produce compression, and a ray of heat must 
produce expansion, it is also plain that rays of light 
and of heat cannot pass together into the same 
particle, but one must follow the other, a compressive 
phase succeeding an expansive one, or an expansive 
a compressive one ; and if, owing to the paths of two 
rays crossing, the expansive and the compressive 
phases of two separate rays reach the same par- 
ticle at the same time, the two rays will obliterate 
each other entirely if their paths are nearly parallel, 
or, otherwise, partially. Hence, if the paths of two 
rays starting — so that one is half a wave's length, or 
any number of half waves' lengths, behind the other 
— from points close together, cross each otherat some 
distance from the points from which the rays start, 
the rays will obliterate each other, compression 
neutralizing expansion. Whilst if the rays under 
the same circumstances start evenly, or with one a 
whole or any number of whole waves' lengths behind 
the other, the raya will intensify each other, com- 
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pressioD being snpersdded opon compresson and 
expansion upon expaiision. In this way it ia po^ble 
to explain all interference and difiraction phenomena 
with which fringea are formed when one set of 
waves cross the path of another set ; since fringes 
indicate by the dark spaces in them the points where 
rajB, starting half or any number of half waves* 
lengths behind other raya, cross the paths of those 
rays, and, by the bright spaces, the points where 
one set of rays is a fall or any number of full waves' 
lengths behind the other set 

108. With regard to the Magnetization of light, 
wo have seen that a magnet takes repulsive force 
from, and communicates compulsive force to, the 
particles of substances which come under its in- 
fluence, and thus produces compression in the 
particles towards the pole of the magnet. Hence, 
if a ray of light or of heat passes in a direction 
transverse to the poles of the magnet— through 
any substance which at the time is strongly acted 
upon by a magnet, it is clear that the ray will 
bo bent or distorted in passing through the sub- 
stance whose particles are thus compressed and 
bent round the poles. We find accordingly that 
rays of light and heat can both be magnetized 
('I>»dftll on " Light," pp. 145 and 187). 

10!>. Fussing now to the consideration of the 
aubjoct of spectrum analysis, we may notice first 
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that the opposite Burfacea of prisms are not parallel 
to each other, and hence that there are two ways in 
which the particles in a priam may be uniformly 
arranged, namely, either in rows not perpendicular 
to the surfaces but continuous right through the 
prism, or in rows perpendicular to the surfaces 
and not continuous thi'ough the prism. We may 
notice also that if the particles ai'e arranged in con- 
tinuous rows which ai'e not perpendicular to the 
surfaces, then the exposed ends of the sur- 
face particles cannot be square to the rows, or if 
square, must in cross section project one beyond 
the other in a series of steps, so that a portion of 
one side, as well as the end of each surface particle, 
will be exposed. 

Now we know that when the surface of a piece 
of glass is roughened, or scratched, im^es of 
objects are not discernible through such a piece of 
glass, owing, plainly, to the particles of the glass 
at the roughened surface being in contact with a 
larger number of air particles than the particles of 
a smooth surface are, and to the rays of light which 
emerge at the roughened surface in consequence 
finding, and scattering over, a great number of 
roads. And it is clear that if, in a prism, either the 
ends of the surface particles are not square to the 
rows, 01- if they are arranged in steps up the sur- 
faces so that a portion of one side as well as of the 
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end of each of the surface particles ia exposed, then 
the surface particles in either case will be in coutact 
with a greater number of air particles than they 
would be if their ends were square with the rows 
and all level one with another; and therefore any 
raya of light which pass through such a prism will, 
on emerging, find a greater number of roads opeo 
to them than they would find if the ends of the 
particles were square with the rows and all level 
one with another, and will therefore to some extent 
scatter, though they will, since the particles at the 
surface of the prism are uniformly arranged, scatter 
unifoi-mly, and not irregularly aa do rays of light 
which emerge from the snrface of roughened glass. 

It is clear, also, that, if the particles in a prism are 
arranged in rows perpendicular to the surfaces, and 
not continuous through the priam, raya of hght 
which pass through the prism will, on passing from 
one row of particles into another, find more roads 
open to them than they would find if the rows wei-e 
continuous, and will scatter. 

We thus see, theoretically, the extreme probability 
that rays in a beam of light will scatter if the beam 
passes through a prism : and we find in practice 
that when a beam of sunlight is passed through a 
prism the rays so far scatter as to produce a spec- 
trum very much wider than the original beam, and 
made up of a series of differently coloured bands of 
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ligkt, of whioh the first is a red band, the next an 
orange one, the next yellow, tlie next green, the 
nextl)lue,thenext indigo,and the last violet. Now 
we learn in regard to the apectrum, as Professor 
Stokea first showed, that when the spectrum is 
Allowed to fall on certain substances a band of 
coloured rays, called the ultra violet rays, hecomes 
visible beyond the violet band which is ordinarily 
seen; and also that under similar circumstances a 
band of ultra red rays is sometimes visible beyond 
the red band which is ordinarily seen. Further, we 
learn that if the temperature of the spectrum is 
examined it is found to be, as Herschel first showed, 
lowest in the violet portion of the spectrum and 
highest in the ultra red, gradually rising from the 
violet to the red, and reaching a maximum at a 
point some distance beyond the visible red end of 
the apectrum. We learn also that if the chemical 
activity in bringing about the comhinatioo of gases 
of the rays at different parts of the spectrum is 
examined, it is found to be least of all in the red, and 
greatest in tho ultra violet portion of the spectrum, 
gradually rising until it reaches a maximum at a 
point some distance beyond the violet end of the 
visible apectrum. We have already seen that chemi- 
cal acti\'ity is due to compulsive force, and if then 
light rays, as impulses of compulsive force, pass, as 
stated in paragraph 103, by the bonds of compulsive 
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force which link particles together and therefore 
through different roads from those by which heat 
raya, aa impulses of repulsive force travelling by the 
repulaive force atruta which separate particles one 
from another, pass, we can without much difficulty 
understand that the scattering or dispersive effect of 
the prism may be so far different in the two cases 
as to accumulate rays of one kind at one end, and 
rays of the other kind at the other end of the spec- 
trum. But here our attention will be arrested by 
the fact that this separation or differentiation of the 
two kinds of rays is attended by a gradual change 
of colonr in the spectrum, so that at the end where 
the temperature is greatest and chemical activity is 
least the colour is red, and at the end where the 
chemical activity is greatest and temperature least 
the colonr is violet ; and if now for chemical activity 
we snbstitnte compulsive force, and for heat repulaive 
force, we shall thus have violet rays representing 
waves propagated by a large amount of compulsive 
attended by a small amount of repulsive force, and 
red rays representing waves propagated by a smaller 
amount of compulsive attended by a larger amount 
of repulsive force ; also yellow rays from the middle 
of the spectrum, intermediate between the red and 
the violet, representing wavea in which the amounts 
of the two forces are intermediate between the 
amounts in violet and red r 
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In dealing with Diffraction we have seen in 
paragraph 107 that light and heat impnlses, since 
the one produce compression and the other expan- 
sion, cannot travel together through the same par- 
ticle, and that one must follow the other. We 
can therefore understand that if in a ray the amount 
of compulsive force is great and the amount of 
repulsive force is small, the periods of compression 
in the particles through which the ray travels will 
be long and the periods of expansion short ; and 
that if the amount of repulsive force is great and 
the amount of compulsive force small, the periods of 
expansion will bo long and tho periods of compres- 
sion short Hence, iu the passage of violet rays the 
phases of compression will be long, and the phases 
of expansion short, and in the passage of red rays 
phases of expansion will be longer, and phases of 
compression shorter; whilst in yellow rays the 
phases will be intermediate between those of the 
other two rays. Hence, if we assume that rays -of 
white light represent the greatest amount of com- 
pulsive force which the eye is capable of appre- 
ciating, attended by, comparatively speaking, a very 
large amount of repulsive force, we shall be able to 
understand how it is possible for white light to be 
decomposed in a prism into a spectrum of different 
colours, by the greater part of the compulsive force 
of the white rays being relegated to the violet end, 
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and the greater part of the repulsive force to the red 
end of the spectrum. 

Since, a portion of each ray, whether of light or 
of heat, which impingea npon the surface of any 
Bubstance is nsnally reflected by the particles at or 
near the surface ; and since out of the remaining 
portion which enters the substance a part is some- 
times absorbed in the work of promoting changes 
in chemical combinatioo, and a portion of the 
opposite force displaced by it giyen in exchange 
and another part scattered, it will not be difficult to 
understand how, by reflecting or absorbing or 
scattering a greater proportion of force of one kiad 
than they do of the other, masses of matter can 
effect changes in the colour of the rays of light they 
transmit or radiate. Hence also we can understand 
how, by reflecting more repolaive force or leas com- 
pulsive force than Bubetances ordioarily do, it is 
possible for some substances, such as snlpbate of 
quinine, so to draw out, by increasing the pro- 
portion of repulsive force, the ultra violet rays of 
the spectrum aa to render them visible, although 
ordinarily, on account of a deficiency of repulsive 
force they cannot be appreciated by the eye : and in 
this way the phenomenon of Fluorescence may be 
explained. Similarly, we can see that it may I 
poasible for some substances, by reflecting a greater 
proportion of compulsive force or a smaller amount 
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of repulsive force than other Bubstances do, to 
render the ultra red rays visible, which, owing to a 
deficiency of compulsive force or an excess of 
repulsive, are nob ordinarily appreciated fay the eye ; 
and in this way the phenomenon called by Dr. Tyn- 
dall calorescence, may be explained. 

110. We see now the impoi-tance to an animal or 
plant of the colour of different parts of ita body, 
leaves, or flowers, since this enables the various parts 
to assimilate force in bind or amount suitable for the 
stimulation of the different sets of nerves or muscles, 
or for the elaboration of the secretions ou which the 
growth of the animal or plant, or the reproduction 
of its kind, depends, and to reject force which in 
kind or quantity is unsuitable. Hence, every spot 
and mark — on skin, hair, feather, scale, egg, leaf, 
flower, or seed- — has its particular use. 

111. Since a solid is luminous at a much lower 
temperature than a gas is, owing to the large 
amount of compulsive force present in the particles 
of a solid, as shown in paragraph 17, it is clear that 
rays which are not luminous when passing through 
air or gas, may, if they impinge upon a solid, 
produce, by displacing compulsive force from the 
solid, a luminous image- 

112. We thus find in a consideration of all the 
properties of light and heat, evidence to support the 
view that the one represents compulsive and the 
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other the opposite repulsive force ; and we may now 
endeavour to see how the oppositeness of the 
action of these two forces is turned to account in 
Nature in building up Uving forms, and supplying 
the wants of the body and of the mind. 
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113. HiTHBaro we have been dealing with lifeless 
maasea of matter. We have seen that the first stage 
in the proceaa of the formation of such of these 
masses as are liquid or solid compound substances 
consists in the formation of groups, in each of which 
the different kinds of particles of which the mass is 
made up marshal themselves in regular order, each 
having and taking its appointed place ; so that each 
group, when it is complete, contains not only the 
same number of particles, but also the same number 
of each of tho several kinds of particles, in the same 
positions relative to one another, that every other 
group contains. 

The second stage in the formation of a compound 
solid or liquid mass consists in the groups of par- 
ticles formed in the first stage transferring repulsive 
force to, and taking compulsive force from, the 
particles of substances contiguous to them, until 
each of the groups parts with so much repulsive 
force, and obtains so much compulsive force, that it 
p 2 
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paaaea from the liquid to the solid, or from the 
gaseous to the liquid state, and the mass as a whole 
assumes the liquid or the solid form. This we know 
from the fact that to liquefy a gas it is necessary, as 
we have seen in paragraph 18, to abstract repulsive 
force in the form of heat, and apply compulsive force 

We have seen also that when a solid mass or a 
liquid maaa built up out of these groups of particles 
comes in contact with another mass in the liquid 
state also built up of groups of particles, in many- 
cases it breaks up and dissolves, if a solid, in the 
liquid mass, or if a hquid, diffuses itself through 
the other liquid mass ; and the groups of particles of 
the two masses then ai'fange themselves in regular 
order in gi-oups of groups throughout the solution 
or mixture, ]'nst as single particles arrange them- 
selves to form groups of particles ; and just as we 
have in some compound suhstauces groups made of 
three or four different kinds of particles, so also may 
we have some solntiona containing three or four 
different kinds of compound substances with their 
respectivo groups of particles, grouped together in 
regular order just as single particles are grouped. 

We have seen, too, when particles or groups of 
particles of several substances are grouped together 
by the process of solution or diffusion, and force ia 
applied, either in tlie form of heat or light or in that 
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of an electric cnrrent, to the solution, or mixtare 
that changes generally occur by which the particles 
are drawn closer together or driven further apart, 
and a rearrangement of the particles in the groups 
ia effected by some of the particles changing places 
with othersj whereby some of the particles are dis- 
placed from the groups of one or other of the com.' 
pounds, and fresh compounds with new groups are 
formed. Wetave seen, too, that when changes occur 
by which particles are displaced from the groups of 
particles of any compound, an emission of force, 
either compulaiTe or repulsive, takes place. 

We have seou, too, that when particles or groups 
of particles, under the action of compulsive force, 
draw together in some portion of a liquid or a 
gaseous mass, and assume the solid condition, they 
often so dispose themselves as to build up a num- 
ber of perfectly regular bodies or crystals, which, 
though generally of a simple form, are sometimes of 
compound forms, such as the cross adopted by 
crystals of ataurotide (Dana's "Mineralogy"), or 
the arrow-head form adopted by crystals of gyp- 
sum (ibid.), or the branching or plumose form 
adopted by other crystals, of which we may see 
beautiful examples any frosty day in the ice crystals 
which form upon the panes of glass in our win- 
dows ; or sometimes, as in the case of asbestos, are 
in the form of fibres, so fine and tough that cloth 



k 



214 Light the Dominant Force 

can be manufactured with themj or sometimes, as 
in the caae of mica, are in the form of iaminse or 
plates, so largo, so clear, and bo thin, that they can 
be used in place of glasa. 

We now prtss to living forms, which are, a3 we 
find, bailt up principally of carbon, hydrogen, oxygen, 
imd nitrcgen particles, though they often contain 
in addition one or more of the other elementary 
Bnbatances, such as chlorine, calcium, magnesium, 
sodium, sulphur, phosphorna, iron, silicon, and some 
other particles, but contain no particles other than 
those found in lifeless matter ; and thus as far as 
their composition is concerned the organic com- 
pounds, or aubatancea of which living matter is made 
up, do not differ from the inorganic compounds, oi' 
those of which lifeless matter is made up {see 
Keknle's remarks quoted in Koscoe's "Chemistry," 
vol. iii., part 1, p. 32). 

We find, also, that all organic compounds formed 
in nature contain carbon and hydrogen, and most of 
them also oxygen, and that the same laws of com- 
bination regulate the formation both of organic and 
inorganic compounds (Boscoe'a " Chemistry," vol iii., 
part 1, pp. 31 — 34). We notice, however, in the 
inorganic compounds the almost infinite variety of 
compounds formed with carbon aud hydrogen par- 
ticles by merely varying the number of particlea 

the groups or adding one or more particles of 
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line other elementary substance to each group. Thua 
we find in inorganic chemistry the following series of 
Bobstances known, viz. Methane CH^, Ethane CaHa, 
Propane CaKg, Butane CjHiu, Pentane CbH,;, 
Hexane CpHu, Heptane C^H,,;, Octaue CbH,b, and 
80 on, in which the gas Methane, which stands first, 
haa in each of its groups of particles one particle 
of carbon united to four of hydrogen ; and each suc- 
ceeding substance haa groups which differ from 
those of the preceding substance by containing one 
additional particle of carbon and two of hydrogen ; 
thus, in Ethane the groups consist each of two par- 
ticles of carbon united to six of hydrogen, and in 
Propane of three particles of carboa nnited to eight 
particles of hydrogen, and so on. Again, we find 
another aeries, viz. Ethylene CjH,, Propylene CaHo, 
Butylene C.Hg, Pentylene CaH.o, Hexylene C^^, 
and so on, in which. Ethylene, standing first, haa in 
each of its groups two particles of carbon united to 
four particles of hydrogen ; and each succeeding 
substance differs from the one preceding it in the 
same way as the members of the other aeries differed, 
Tiz, by containing in its groups one additional par- 
ticle of carbon and two of hydrogen. Again, 
parallel to the first of these two aeries we find a 
scries of alcohols : Methyl Alcohol CH.O, Ethyl 
Alcohol C,H„0, Propyl Alcohol C^HA and soon, 
in which Methyl Alcohol, standing first, has one par- 
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tide of carbon, four of hydrogen, and one of oxygen 
in each of its groups, and thus differs from Methane 
only in having one additional particle of oxygen in 
each of its groups ; and each Bucceeding Alcohol in 
the aeries differs from the one preceding it by having 
one additional pai-ticle of carbon and two of hydrogen 
in each of its groups, and from the paraUel Bab- 
stance in the first series by having one additional 
particle of oxygen in each of its gronps. Also 
parallel to the second series we have a series of fatty 
Acids; Acetic Acid CjH^Oa, Propionic Acid C^HuOj, 
Butyric Acid CiHsO^, and so on, in which Acetic 
Acid, standing first, has two particles of carbon, 
four of hydrogen, and two of oxygen in each of its 
groups, and thus differs from Ethylene in the other 
series only in having two additional particles of 
oxygen in each of its groups ; and each succeeding 
Acid differs from the one preceding it by having one 
additional particle of carbon and two of hydrogen in 
its groups, or fi*om the parallel substance in the other 
series by having two additional particles of oxygen 
in its groups (see Roscoe's " Chemistry," vol. iii., 
part 1, p. 37). The series referred to are being con- 
stantly extended, and the first of them already reaches 
to Hecdecane C,aHji, in which the groups consist 
of sixteen particles of carbon united to thirty-four 
of hydrogen, and otlier series too are known ; so 
that the number of hydrocarbons is very striking. 
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We shall find in the hving forms that the par- 
ticles arrange themselves in gi'oups and groups of 
groapB, in the same way as they do in gases or ia 
solutions in lifeless matter ; also that the groups 
collect together, and form solid masses of regular 
form in the shape of cells in much hhe same way that 
groups of particles of lifeless matter collect together 
and form crystals of regular form, or amorphous 
masses of matter, or forms intermediate between the 
two. But here the resemblance between the crystal 
and the cell ends ; for although a crystal, aa we hare 
seen in paragraph 38, may be fed by supplying it 
continually with fresh supplies of the solution in 
which it was originally formed, and will, if proper 
precautions are taken, coutinue to grow for some 
time; and though the living form also grows if it is 
fed ; the Kving form grows altogether from the inside 
while the crystal grows from the outside, Wc may 
trace the growth of the living form from the inside 
throughout its development, from the formation of 
the first cells from which all living forma are deve- 
loped, to the completion of the frame, with a trunk 
and extremities in the shape of roots and branches, 
or a body with a head and limbs. 

We find fi'om Sachs' "Test-Book of Botany," 
that a vegetable cell is developed in the following 
way : first a mass of protoplasm collects and covers 
itself with a skin of cellulose, generally developing a 
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nucleus ; then as the cell grows the protoplasm dis- 
poses itaelf as a lining to the outer skin of cellulose, 
thus forming a aac, inside of which a watery fluid, 
called cell aap, collects ; afterwards, as the cell con- 
tinues to grow the protoplasm diminishes, but the cell 
wall gets thicker, and the cell sap increases ; finally, 
when the whole of the protoplasm has disappeared 
the cell ceases to grow. And we may therefore 
assame that the cell grows by its walls enlarging 
and thickening at the expense of the protoplasm 
inside the cell, and that the cell sap simply takes 
the place of the protoplasm which has been used np. 
Now we learn that protoplasm is a mixture of 
albuminous compounds with water; and according 
to Miller's "Chemistry," part, iii,, sect. 1, p. 3, Albu- 
min has approximately the formula C,2 Hn^ N^ SO^, 
or, in other words, each of its groups consists of 
seventy-two particles of carbon united to 112 par- 
ticles of hydrogen, eighteen o£ nitrogen, one of sul- 
phur, twenty-two of oxygen. We learn also from 
the percentage composition, given in Cai-penter'a 
" Hnman Physiology," p. 59, of the various forms of 
Albumin, such as &^^ albumin, serum albumin, 
fibrin, globulin, &c,, that the different forms of 
Albumin closely resemble each other, and we may 
perhaps therefore assume that they belong to some 
series in which the different members are even more 
closely allied to one another than are those of the 
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paraffin, or methyl alcohol, or fatty acid aeries. 
At all events, all the forms of Albumin are very 
unstable, and easily decomposed. Cellulose, on the 
other hand, of which the cell wall is chiefly made up, 
has the same formula as Starch, or CeHmOs, or its 
multiples ; and if then we assume the multiple for 
Starch to be twelve, each group of particles in Starch 
will consist of seventy-two particles of carbon, 120 
particles of hydrogen, and sixty pai'Cicles of oxygen, 
or thirty-eight particles of oxygen more, and eighteen 
particles of nitrogen and one of sulphur leas, than 
an Albumin group. Thns we see that in Starch the 
eighteen particles of nitrogen and the single particle 
of sulphur of one of the Albumin groups have been 
replaced by thirty-eight particles of oxygen ; or in 
other words, the sulphur particle and each of the 
nitrogen particles have been replaced by two par- 
ticles of oxygen. Thus the oxygen has replaced the 
sulphur and the nifci-ogon in the proportion in which 
it combines with those sobstances. We see, there- 
fore that to convert albumin into cellulose or starch 
we have, if we neglect the hydrogen, only to replace 
nitrogen and salphur by oxygen. 

Now we know that albumin is always coagulated 
by heat ; in fact, any one may satisfy himself on this 
point by noticing how the albumin, or white, as we 
call it, of an egg is coagulated when the egg is boiled. 

And we find, from Sachs' " Text-Book of Botany," 
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that the protoplasm of living plants is generally- 
watery, and is on the inside differentiated into 
layerSj which differ from each other in chemical 
composition find in the amount of water they con- 
tain in such a way that the innermost layer is the 
most watery one. Hence we may perhaps be able 
to follow the successive steps by which an inanimate 
mass, made up of groups of albumin and water-groups 
of particles, is converted into a living cell. 

For if we assume that after a minute mass has 
been formed by the grouping together of albumin 
and water groups of particles, the mass ia ex- 
posed to the action of excessive heat for a saffi- 
cient time just slightly to coagulate the albumin at 
the outside — exactly as we sometimes see, in a lightly 
boiled egg, the white or albumin at the outside close 
to the shell is coagulated, whilst all the rest of the 
white inside remains clear aud liquid — and that then, 
when the albumin at the outside has been thus 
slightly coagulated, the mass passes on to some other 
situation where a moderate amount of hght and heat 
reaches it, it is clear that the effect of compulsive 
force, in the form of light acting upon the cell and 
causing contraction in it, will be to squeeze out some 
of the water-groups of parttctea, and thus to form 
next the coagulated outside layer a layer less watery 
than the innermost part of the cell. It is also clear 
that the after-effect of the application of repulsive 
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force in the £orm of heat to the cell of protoplasm, 
thus coagulated on the outside and contaiuing 
fluid in the inside, will be to expand the out- 
side, causing a partial vacuum in the inside : owing 
to which partial vacuum some of the groups of par- 
ticles of the liquid or gaseous masses surrounding 
the celt will pass into the interior of the mags of 
protoplasm forming the cell, and thus also carbonic 
acid gas may be supposed to pass into the celL If 
the cell were now again exposed to the action of 
compulsive force in the form of light so as to be 
once more contracted, a portion of the liquids and 
gases which had passed into the interior when the 
protoplasm was expanded would be expelled, being 
forced through the contracted walls of protoplasm 
forming the sides of the cell. But though the groups 
of particles of gases or liquids wiU pass in easily 
enough between the groups of particles in the 
expanded walls of protoplasm — -just as the particles 
of hydrogen gas can pass through the porea of a 
platinum or palladium tube when red hot, though they 
cannot pass through the tube when cold— yet when 
the protoplasm is much contracted it may plainly 
happen that the groups of particles of liquids or 
gases will have great difficulty in passing out," 
and it may thus come to pass that though the more 
condensible oxygen particles in the carbonic acid 
gas groups may pass out, the less condensible 
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particles of carbon will fail to get out ; and thns 
the carbon particles will be sifted out of the carbonic 
acid gas which entei-ed the cell. 

This explanation of the way in which, in plant c 
le carbon particles are separated from the oxyg^ 
irticles in carbonic acid groups of particles, is i 
.fiierely an imaginary one, forFaraday,in " Researches 
in Chemistry and Physics," p. 219, notices Mr. Gor- 
don's experiment, in which it was shown thatwhen oil 
gas, compressed to thirty atmospheres, was allowed to 
through a very small aperture, a deposit froqi 
le gas of black carbonaceous matter took plat 
r« sheet of white paper or other substance were hd 
BO that the gas in issuing rushed against it. 
here clearly we have an instance of carbon partic 
being actuaOy sifted out from a gas in 
through an aperture. But Faraday notices a still 
more striking instance of this sifting out of carbon 
particles from a hydrocarbon gaa ; for he states tha^ 
it was found at the Royal Institution, that wfaj 
111 gaa was condensed at high pressure, and a ] 
!tly clear and transparent fluid obtained, this cle 
tflaid, if it was placed in corked bottles, 

iny cases transformed by spontaneous evaporati 
through the corks into a heavy brown almost e 
substance, like honey or treacle. Here 
plainly, we have the bottle-corks playing the i 

that assigned to the walls of protoplat 
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in plant cells in sifting out carbon particles from 
gas, nmch as grain is sifted from small seeds in a 



We may assume that some of the oxygen particles 
thus separated from the carbon particles, will, being 
in the nascent state, as they pass through the pores 
of the protoplaamj displace the eighteen nitrogen 
and the single sulphur particles from some of 
the albumin groups at the outside of the walls of 
protoplasm of the cell, and, converting the albumin 
into cellulose, tbua form cellulose membrane in the 
outside of the mass of protoplasm. And that others 
of the albumin groups in the interior of the mass of 
protoplasm will be converted by the nascent and 
active oxygen particles into starch, which has, as we 
have seen, the same composition as cellulose ; and in 
this way the formation of starch, which always takes 
place in the interior of the protoplasm of a cell ex- 
posed to light, may be accounted for. Also that some 
of the oxygen will combine with tho displaced 
sulphur and nitrogen particles and some will escape 
as free oxygen : whilst the carbon particles left 
behind in the cell, being in the nascent state, will 
combine with some of the cai'bo-hydi-atea or fats 
which, according to Sachs, are generally contained 
in a mass of protoplasm (" Text-Book of Botany," 
p. 37, Trans.), and will afterwards combine to form 
albumin with a portion of the nitrogen and sulphur 
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displaced in the interior of thff cell by thfl oxygen 
from the albumin groups to form starch. 

On being once more exposed to heat the sides of 
the cell would agaiu expand, and take iu more car- 
bonic acid gaa and more liquids ; and these would 
agaiDj when the cell was once more exposed to the 
action of light, be in part expelled, with the result of 
again sifting out the carbon particles from the car- 
bonic acid gas, and setting free oxygen particles to 
form more cellulose and starch, and thus enlarge 
and thicken the cell walls. The acids formed in the 
interior of the cell by the displaced sulphur and nitro- 
gen iu the presence of the fluids inside tbe cell, 
would decompose foreign bodies which might pass 
into the cell, and facilitate the assimilation of their 
particles or their subsequent expulsion. In this way 
a cell which is favourably situated for receiving sup- 
plies may form secretions of the materials required 
by other cells, and by discharging, when it contracts, 
these secretions into sap which will be imbibed by 
other cells, famish cells which are less favourably 
sitoated with the materials they require to enable 
them to grow ; thus the leaf cells of a plant may 
secrete starch and supply this material to the plant, 
while the root cells secrete the different salts which 
the plant requires. 

Thus all growth in a vegetable cell is due to 
the action of heat in producing expansion in the 
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ceilnlose and albuminoua walls of the cell, and 
tlieroby making room inside the cell for the gaaea 
and fiaida required for its growth to pass in, and to 
the aubseqaent action of light in producing contrac- 
tion in the walls of the cell, and thereby estruding 
from the cell, and depositing in the proper posifcionj 
the material required to build up or extend the cell 
walls. The expansions and contractions of course 
succeed each other with almost infinite rapidity. 

We may assume that a cell exposed to strong 
light will be contracted more than a cell which 
receives but little light ; and that in consequence 
the cell under strong light will have thicker and 
denser walls, but will grow more slowly than the 
other cell. In this way the fact noticed by Sachs 
(" Text-Book of Botany," Trans., p. 676), that grow- 
ing sterna or leaf-stalks, which receive a much 
grcatei- amount of light on one side than on another, 
curve towards the side exposed to the more intense 
light, by the slower growth of the illuminated side, 
and in the same way the fact that light, by the 
greater amount of contraction which it induces in 
the cell, is necessary to enable the cells to sift out 
carbon particles from carbonic acid gaa, and secrete 
starch, may be explained. 

A single cell when favourably situated is thua 
complete in itself ; and we have plants, such as the 
yeast plant, consisting of rows of simple cells (see 
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Huxley on "Teast"). But since changes go on inside 
the cell by which, as we have seen, the rearrangement 
of the pfti-ticlea in the groups of particles of some of 
the compounds inside the mass ia effected, and fresh 
compounds are formed, and, amongst others, the 
albuminous compounds of which protoplasm is con- 
stituted, it does not seem difficult to understand the 
way in which a single coll in full vigour attaches 
to itself, by a process of exogenous germination 
(Carpenter's "Physiology," p. 65), other masses of 
protoplasm, which in their turn develop into cells ; 
for if, owing to one aide of the cell receiving more 
force than another, the growth of the cell walls ia 
not uniform, it is easy to understand that rupture of 
the cell walls may occur at some point under the 
action of repulsive force developed by the changes 
which go on inside the cell, and that such rupturo 
may be followed each time by the extrusion of a mass 
of protoplasm, which will subsequently be attached 
to the outside of the cell by compulsive force also 
developed by changes inaide the cell, and form 
a new cell, being coagulated on the outside by the 
extiTiding force ; or if the mass escapes, it may as 
a spore develop into a cell independently. When a 
cell has in this way surrounded itself with younger 
cells it must, if it continues to grow, receive the 
fluids and gases necessary to its growth, and dis- 
charge secreted or waste fluids either through or 
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into tbe cella surrounding it, or by pores or open- 
ings left between the cells ; and tbus a system of 
capillary or veoone circulation will naturally be set 
ap. The cells which the original cell haa attached 
to itself will in their turn attach to themselves 
massea o£ protoplasm, which will also develop into 
cells ; and thus the plant will grow. Since the plant 
receives moisture, and the difl'erent salts which it 
requires, from the earth, and carbonic acid, nitrogen, 
and other gases from the air, the cella at the two 
ends of the plant will differentiate, those at the one 
end fitting ^hem^elve^ to imbibe moisture and 
secrete salts from the earth, and eventually forming 
a root, those at the other end fitting themselves to 
inhale gases from the air, and to secrete starch, and 
eventually forming leaves. Branches will naturally 
be formed, both at the root end and at the top, at 
points varying with the form of the original cell, 
where a marked development of force takes place, 
just as branches are formed in some compound 
crystals. The cells which have ceased to grow in the 
stem and branches will on the inside, by their thick 
dense walls of cellulose, form woody fibre, which will 
furnish the necessary support to enable further 
extension to take place ; and at the same timo, being 
porous, will furnish a connected series of tubes 
through the roots, stem, and branches, by which 
fluids can circulate, conveying starch elaborated in 

« 2 
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the leaf cells down to the roots, and salt secretions 
prepared in the root cells up to the leaves ; and those 
too which have ceased togrowon the outside will forta 
a dense covering in the form of bark, to protect the 
young cells and prevent evaporation in the sap. 

A marked circulation of sap must take place in 
the autumn, when the tree as a whole contracts 
under the action of compulsive force in the form of 
light and diminished heat, aud in the spring, when 
the tree as a whole expands under the action of an 
increase of repnlsive force in the form of returning 
heat J there must alao be a daily circulation nrising 
from the same cause; and in fine weather a con- 
fitaat circulation, due to one side by day aud one 
end by night receiviug more light or heat than the 
other side or end. 

It is easy to see that when a plant is in fall 
vigour, and its leaves and roots are actively engaged 
in secreting material for the formation of cells, it 
may happen that the conditions under which it is 
growing are so favourable that a superabundance 
of material for forming both leaf and root cells will 
be secreted. The plant will then develop abnormal 
outgrowths of leaf or root cells which it cannot 
retain permanently. Hence we find plants forming 
fiowers, in which the Btamens and petals are ab- 
normal out-growths of leaf cells aud the bulbous 
pistils are abnormal out-growtha of root cells j or, 



them developing, as in the case of t 
ferns, upon some of the normal leaves small ab- 
normal bunches of leaves, which afterwards are 
detached and grow into perfect plants; or we find 
tliem developing masses of root cells, in the form of 
tubers or bulbs. If, when flowers are developed 
above ground, masses of leaf cell detached from the 
stamens come in contact with masses of root cell 
developed in the pistil, or if, when tubers are formed 
under ground, masses of leaf cells come in contact 
with masses of root cells in the tubers, in either 
ease, the nnclei of sepanite plants are formed, 
which rapidly develop into young plants, and cover 
themselves with a husk or skin. In the seed the 
yoDug plant is provided with large leaves, or 
cotytedonsj and a. small root ; in the tuber it is pro- 
vided with a large bulbous root, and a small eye or 
leaf shoot; and thus the tuber is the counterpart of the 
seed. We may notice that the petals of flowers are 
generally brightly coloured so as to reflect light, and 
that the corolla is generally, if not trumpet shaped, 
so shaped as to converge the rays of light and heat 
upon the ovary of the pistil. The inner portion 
of the petals, near the root of the atatnens, is often 
made of a dark colour or with dark patches, to 
absorb light. 

Since plants obtain, as a general rule, their sup- 
ply of water and of salts from the earth, they must. 
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as a general mlcj be fixed on one spot, bo aa to give 
tlieir roots an opportunity of penetrating deeply 
into the earth ; at the same time some vegetable 
forma are found which are endued with locomotive 
powers. 

114. We may now pass from vegetable to animal 
forms, which, as their cells are unable to separate 
the carbon particles from carbonic acid gas and 
thus to elaborate starch or albumin, are compelled 
to obtain the supplies of albumin which they re- 
quii-e for the formation of protoplasm either directly 
from the cells of vegetable forms or indirectly 
from the cells of other animals, which have obtained 
their own supply from vegetable forms. Hence the 
animal must be a much more complicated form than 
the vegetable; for it must not only be furnished 
with appliances for breaking up or piercing the 
hard walla of vegetable cells, and with secretions 
for dissolving or dividing up, with the aid of water, 
albumiuous and other compounds, to a sufficient 
extent to enable these compounds to pass into its ceils 
or into its circulation, but since while the vegetable 
or animal matter is being dissolved, or put into a 
shape in which it will pass into the system of the 
animal, it must be retained in such a way that the 
useful portions of it will not escape, the animal 
must be provided also with a sac or stomach cavity, 
in which it may hold its food, and mix up its food 
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with water : it muat further be provided with means 
of locomotion, to enable it from time to time to 
change its position to places where supplies of 
animal and vegetable food, as well as of water, can 
be obtained, or to enable it to avoid enemies, or 
escape from dangerous situations. And besides 
being furnished with a stomach sao and limbs, it ia 
absolutely necessary, if the animal ia to live and 
grow, that it should be furnished also with senses, 
to discern from a distance the obstacles, the situ- 
ations, and the vegetable or animal forms which 
will injure, and the situations and the animal or 
vegetable forma in or with which it will find 
nourishment and security. 

Though space forbids an attempt to work out all 
the steps by which vegetable forms have been 
differentiated into animal forms, it does not seem 
difficult to understand in a general way how, when 
vegetable forms had been developed, it might have 
happened that when some plant had been injared 
by the wind, or by a blow fi'om some falhng tree or 
mass of rock, or in some other way, the spores or 
germ cells of other plants might have fallen 
into a pool of sap collected in the wound, and, 
finding in the sap all the material they required for 
further growth, might have rapidly increased and 
formed masses of colls, which, as all their food would 
be derived from the sap of the wounded plant, and 
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would come from one direction, wuuld naturally 
develop in the middle a pipe or cavity, by which 
the sap would pass to all alike. When sach a mass 
of cells, arranged about a central cavity, hud been 
formed, an alternation of expausiona and contrac- 
tions in the outside of the mass would set up a 
sucking action, uuder ^vhich the sap would continue 
to flow from the wound. Limbs would branch out 
from the sucking body, iu the same way aa roots 
and branches from a tree ; and these, twining round 
the wounded plant, under the action of light in 
causing the unilluminated to grow faster than the 
illuminated side would, when they suffered con- 
tractioo, force the mouth of the cavity tightly into 
the wound, causing the walls of the ceils at the 
mouth of the cavity to grow dense under the great 
amount of contraction they suffered, and in time to 
become sufficiently hard to be forced by the con- 
traction of the limbs deep into the tissue of the 
plant, and there being contracted by pressure from 
the sides of the wound, the mouth would remain 
small, while the outer part of tbe cavity was con- 
tinually increasing under the greater amount of 
expansion it would receive. In course of time the 
cayity would become so much enlarged that it 
would be sufficiently capacious to hold a supply of 
sap which would last the parasite for some time, 
and the mouth would become so much contracted 
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that it would only open -when the exhaustion waa 
considerable ; then the miiiute contractions and ex- 
pansions under light and heat, in the body and 
limbs, would force the fluid iu the cavity to circulate 
throughout the body and limhs ; and at each con- 
traction a portion o£ the fluid would escape through 
the outer cells of the body and through the anus — 
which would naturally form ; consequently, after the 
cavity had been filled at each successive contrac- 
tion the body suffered, the amount of contraction 
would increase, until at last the amount of contrac- 
tion effected would be bo great that the exhaustion 
produced by the subsequent expansion would be 
suf&cient to open the mouth and pour a fresh supply 
of sap into the cavity. The parasite would now 
have a stomach sac, with mouth and anus complete, 
but unless endued with the power of locomotion 
would perish after it had sucked the plant on which 
it had fixed dry. Its young, however, if developed 
after the plant type, with stomach sacs, mouths, 
and root-like limbs, like the parent form, woald, if 
detached and washed down by heavy rain iuto some 
estuary charged with floating masses of bruised 
vegetable matter carried down by torrents from 
the hills, be brought in contact with plenty of 
suitable food, which would pass iuto their stomach 
sacs as they expanded, 

115. Now if the animal were iu the form of a 
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plant, i.e. with extended limbs at both extremities 
(root limbs at one end, and branch limbs at the 
other) of a trunk or stem ; and if the extremities of 
the limbs at both ends were so modified that they 
coiild entangle or attach themselves to any sob- 
stances contiguous to them, in such a way as to be 
able to transfer all the force which reached them 
to those substances ; and if then this animal were 
subjected to a series of alternating expansions and 
contractions, — it is clear that it would be able to 
move either backwards or forwards or even side- 
ways if, at the end of each expansion, the limb or 
limbs in front, or in the direction in which the 
animal wished to move, should make themselves fast 
to some object so that the next contraction must 
carry the animal forward bodily in the direction of 
the object to which the hmb in front was attached ; 
and if after every contraction the hmb behind wei^ 
to make itself fast to some object, so that the next 
expansion would thrust the animal bodily away 
from the object to which the hind limb was 
attached, and therefore towards the object to which 
the front limb was attached, or in the same direc- 
tion as the animal was carried by the contraction, it 
is clear also that by each conti-action and by each 
expansion which it experienced the animal would 
be carried, little by little, in the direction in which 
it required to travel. All therefore that is abso- 
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lately necessary for locomoiion ia, that the animal 
shonld experience a series of contractions and ex- 
pansions, and that it should be furnished with 
limbs before and bohindj by which it might lay hold, 
alternately, of objects before and behind. But if an 
animal were dependent wholly for motion upon the 
amount of contraction and expansion which light 
and heat respectively would set up in it, it would 
plainly get along yt^r-^ slowly ; and we may now 
therefore try to see how the contractions and ex- 
pansions set up in the body by light and heat can 
be supplemented. If then the body or trunk of the 
animaJ is furnished with jointed limbs, capable of 
being drawn in or extended by the contraction or 
expansion of masses of muscle, made up of cells, 
with walla of some albuminous compound which con- 
tracts readily under the action of compulsive force, 
disposed so as to form a series of strite or trans- 
verse layers for the whole length of the muscle j 
and if between these bands or strife a series of 
arteries and veins are disposed iu such a way as to 
bring up, periodically, supplies of fluid, in the shape 
of blood containing oxygen gas particles aide by 
side with groups containing carbon and other par- 
ticles, and to carry off waste fluid ; and if a con- 
ductor similar to the wire of a battery, radiating 
at one extremity iuto an enormous number of 
branches whose ends are in connexion with every 
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portion of the surface of the limb, ia in connexion 
at the other end with a condenser much of the same 
sort as the Lejden jar or other coudersers used 
for storing ap electrical currents ; and if this con- 
denser is connected by another conductor whose 
ends radiate into a large number of branches, with 
every point of the arteries and of the transverse 
layers of cells in the muscles, — it ia clear that the 
condenser will receive by the conductor connected 
■with the surface of the limb a charge of compnlaive 
force every time tlie surface of the limb is con- 
tracted by compulsive force in the shape of waves 
of light impinging upon it, and will receive a 
chai'ge of repulaive force every time the limb is 
expanded by repulaive force in the shape of waves 
of beat impinging upon it ; and the charges of re- 
pulsive will discharge the charge of compulsive 
force. But if the charges of compulsive force come 
first, it is also clear that when the condenser li 
been charged with compulsive force the charge w 
be available for employment for the moment which 
elapses before the arrival of the next charge of re- 
pulsive force ; and therefore, since waves of light 
and heat are constantly reaching the body, and are 
alternately conti'acting and expanding it, it ia fur- 
ther clear that charges of compulsive force will 
practically always available for employment, 
now, by a force impulse of some other kind, as by a 
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blow or a sound, or a visnal impresaion, or in some 
otlier way, a charge of repnlsive force is accumu- 
ln.ted in another condenser, or in another insulated 
plate of the same condenser, having another branch 
of the same arterj which supplies blood fluid to the 
muscles connected with it, — it is clear that then it 
will be possible, if the necessary cocnexiona can be 
made, to discharge one of the charges of compulsive 
force in the first condenser by the conductor in 
connexion with the muscle, and through the artery 
in connexion with the second condenser, by means 
of the charge of repulsive force in the second 
condenser, in place of allowing the charge of com- 
pulsive force to be neutralized by the next charge 
of repulsive force in the ordinary way. It will then 
be the turn of the repulsive force charges to come 
first, and therefore thenceforward charges of repul- 
sive force will be available for employment in the 
first condenser. The effect of sending a spark of 
compulsive force through the conductor and into 
the artery will be to set up the combustion of the 
carbon particles in the carbon compounds contained 
in the artery, at the expense of the oxygen par- 
ticles, just as the same spark in an electric current 
ia able to start the combustion of the carbon com- 
pounds contained in a jot of coal gas in the presence 
of oxygen contained in the air. And just as a very 
small spiirk or flame may cause a very big fire, so 
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too, may it be possible that the amount of carbon 
con&nmed in the art«ry will be limited only by the 
amount of oxygen present at the time in the artery, 
without any reference to the qnantity or intensity 
of the discharge of force by which the combnstion 
was set np. The combustion of carbon, as we 
know, develops light and heat, or compulsive and 
repulsive force; and if the compulsive force thus 
developed is conducted to the transverse layers of 
cells in the muscle it plainly will cause tbem to 
draw together, thereby displacing laterally repulsive 
force from the tissue between the layers of cells, 
and causing a thickening and shortening of the 
muscle and the drawiug up of the limb. If then 
one of the charges of repulsive force which, owing 
to their taking precedence, will be now available 
in the first condenser, is employed to send a cur- 
rent in the reverse direction into the muscle thus 
contracted by compulsive force, we can imagine that 
it maybe possible, either by repulsive force obtained 
by the combustion of more carbon particles, or by 
the utilization of the repulsive force displaced in 
contracting the limb, to conduct repulsive force to 
the muscle, and once more ext-end it 

The brain with its lobes, enclosed in the skull or 
brain pan, and insulated from the body by the neck, 
provides the condensers required ; the sensor and 
motor nerves of tlie body — the oue by its numerous 
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branches in connoxion with the whole surface of 
the body, the other set by its ramifications in con- 
nexion with each set of muscles and with all the 
arteries — provide the trwo conductors required; the 
voluntary mnscles, or musclea by which movements 
are communicated to the limbs and other parte of 
the body by the action of the will, are striated very 
much in the manner described (Carpenter's " Hu- 
man Physiology, p. 783). Hence we may assume 
that in some such way aa described animals are 
enabled to contract or extend their limbs, the con- 
traction always preceding the expansion. Dr. 
Carpenter bas pointed out that the facta that blood 
which returns from a muscle at rest resembles 
arterial blood in colour, while that which returns 
from a muscle in action resembles venous blood 
in colour, also that the quantity of carbonic acid 
exhaled bears a constant relation to the amount of 
muscular exertion put forth, show that the motor 
force employed in the contraction of muscles is 
generated by the oxygenation of the component 
elements of the muscle, or of those of blood (Car- 
penter's *' Human Physiology," p. 13). 

An animal provided with bmbs which can be con- 
tracted and extended, and which are furnished with 
prehensile fingers or claws, can move itself easily, 
either by first raising and extending one limb in 
the direction in which it wishes to move, and then, 
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after clutching some object with the extended Hmb, 
contracting the extended limb bo aa to draw the 
body np to the object clutched, or by clutching 
some object in the opposite direction to that in 
which it wishes to move, and then extending the 
limb which clutches the object so as to thrust the 
body forward, or away from the object clutched. 
In both of these ways animal iocomotion generally 
takes place— the limbs behind thrusting, the limbs in 
front' drawing, the body forward. In the case of 
flying animals, the fore limbs are modified so as to 
produce wings able to clutch large masses of air ; 
or in the case of fish, fins are provided, and the tail 
ia modified bo as to enable large masses of water to 
be clutched by the fins or lashed with the tail. An 
animal thus utilizes both the compulsive and the 
repulsive force developed by the consumption of 
material withm it, whereas a locomotive engine only 
utilizes repulsive force j an engine is jacketed with 
a wooden or other lining to keep in heat, whereas a 
man takes off his jacket when he is walking very 
fast in order that the surplus heat he is unable to 
utilize may escape. 

116. In effecting the complete contraction of a 
limb the whole of the free oxygen in the blood in 
the arteries about the muscles is consumed ; this is 
shown by the fact that though arterial blood con- 
tains a large quantity of free oxygen, and blood 
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coming from a muscle at rest coutaius nearly half 
as much as arterial blood does, blood coming from 
a muscle in action coutains hardly any free oxygen 
{ibid., p. 262) ; hence, after a muscle has once been 
contracted completely it cannot be contracted a 
second time until a fresh supply of blood has been 
received, or a fresh supply of oxygen has passed 
into the biood. 

We may now, therefore, turn our attention to the 
circulation of the blood, by which fresh supplies of 
blood are furnished, and to the process of respira- 
tion, by which fresh supplies of oxygen are intro- 
duced into the blood. We have seen that animals 
of the higher types — by a lobed brain provided with 
two sets of nervous conductors, the one set, the 
sensor nerves, in connexion with every part of the 
surface of the body, the other set the motor nerves, 
in connexion with every one of the sets of muscles 
scattered over the body — are supplied each with a 
condenser or set of condensers, in which impulses 
of compulsive force or of repulsive force which 
reach the surface of the body and are conveyed to 
the brain by the sensor nerves are for a moment 
stored up, and can be discharged by means of the 
motor nerves through any of the sets of muscles 
with which the will connects them. We have now 
to see that in the heart, wrapped about as it is with 
bundles of muscle, nerve, arteries, and veins, and 
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having two sets of nerve conductors^ the one from 
the cerebro-spinal the other from the sympathetic 
system (Carpenter, " Human Physiology/^ p. 274), 
animals are furnished with a coil, which acts as an 
accumulator in the way described in paragraph 98, to 
enable sparks to acquire sufficient head, so to speak, 
to leap across a break between the ends of the 
two conductors, which break may be assumed to 
be located in the cardiac plexus. If we suppose 
then that the ends of the two nerve conductors 
wrapped in a coil round the heart are so close to each 
other when the heart is contracted that currents 
are able to pass quite freely between them, but 
so far separated, owing to the tension of the 
fibres between them, when the heart is expanded 
that then sparks only can pass ; and if we suppose 
also that the two conductors are connected with 
different condensers, one of the condensers being 
the one which we have already alluded to as being 
alternately charged and discharged by compulsive 
and repulsive force charges reaching it from the 
light and heat rays which fall upon the outside of 
the body through the sensor nerves, we shall be 
able to see that, when the heart is expanded, each 
time the condenser connected with the sensor 
nerves is charged with compulsive force from the 
sensor nerves, a charge will pass by a spark across 
the break between the conductors into the other 
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■ ■condenser, and whenever the condenser connected 
[ with the sensor nerves is discharged a spark will 
also paas across the hreak from the other condenser, 
but no apark will pass when the heart is contraoted. 
Assuming that the lobes of the brain sopply the 
necessary condensers, we may be able to get some 
idea of the heart's action ; for since one part of the 
brain is being constantly charged and discharged by 
light and heat rays falling upon the body, it is clear 
that immediately the heart is expanded a spark will 
pass ; the passage of the spark will set up the com- 
bustion of the carbon particles of the carbon com- 
pounds in the small arteries of the heart at the 
expense of the oxygen particles, in the same way as 
the spark sets up combustion of the carbon particles 
in the small arteries of the other muscles. 

We may assume that the combustion of the carbon 
particles develops compulsive force, and produces 
contraction of the muscles, accompanied with lateral 
displacement of repulsive force, in the same way as 
in the voluntary muscles. As soon as the whole of 
the oxygen in the arteries has been burnt out, the 
displaced repulsive force will cause the muscles once 
more to expand. After tlie heart has expanded 
and the arteries have thus received a fresh supply 
of blood charged with oxygen, a apark will again 
pass from the brain, and set up once more combus- 
tion of the carbon and oxygen particles in the 
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arteries and conti-action in the heart, followed once 
more by expansion ; and thus the movementa or 
beats of the heart will go on quite involuntarily. It 
is noticeable that the heart is only contracted by 
the stimolus of a weal( euirent of electricity in one 
phase, in the otber phase it i« refractory (Carpenter's 
" Human Phyeiology," p. 288) ; also that the muscles 
of the heart are intermediate between the striped 
and unstriped varieties (ibid., p. 274). The heart, 
being furnished with two cavities in the shape of 
vontrieles, connected with arteries having branches 
to every part of the body, forces the blood, by the 
contraction of the right ventricle, first through the 
IiingSj in which by the alternate expansion and con- 
traction of the chest, oxygen is driven into it, and 
then, after the blood has passed from the lungs to 
the left auricle and thence into the left ventricle, it 
pumps it by the contraction of the left ventricle to 
every part of the body, its return through the 
arteries being prevented by a system of valves. 
After the blood has passed into the small arteries it 
finds its way into the capillaries, whose walls consist 
of a single layer of cells (ibid., p. 304) ; and passing 
through these walls ; it returns by the veins, which 
ran aide by side with the arteries back to the 
heart. 

We have thus seen that every time a limb is 
moved the appropriate muncle op muscles have to be 
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loaded witt a charge of carbon compounds and free 
oxygen (very much the same sort of charge, be it 
observed, as a gun receives — or rather, as the useful 
portion of the charge which a guu receives — only the 
gun is loaded with an oxygen compound and free 
carbon, in place of the carbon compounda and free 
oxygen which the arteries receive), and then fired; 
but whereas the gun only utilizes the repulsive force 
developed by firing the charge, the mascle utilizea 
first the compulsive and then the repulsive force 
developed in firing its charge. 

117. An attempt has been already made, in para- 
graph 114, to explain the way in which it may be 
conceived that a parasite, provided with a stomach 
sac with mouth and appendages, was developed from 
some plant form. It is therefore not necessary to al- 
lude farther to the stomach sac with which animals 
are furnished, or to the way in which food is divided 
up before it enters the stomach — by jawa armed with 
teeth strengthened with cells with hard walls much as 
the boughs of a tree are strengthened, set in motion 
by appropriate muscles worked in the same way as 
other nauBcles are worked — or to the way in which 
the food in the stomach, after being dissolved by 
the aid of water and various secretions elaborated 
in certain cells, is imbibed into the body by roots 
or villi, and cells, and gi-adually changed from tha 
form of vegetable cells to that of animal cells, and 
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mixing with the blood as white or red corpusclee, or 
in other wajs ia utilized to build up tissues, repair 
waste, Bopply force, &C. 

Nor is it necessary to allnde to the skeleton, or 
skin, or outer covering of the animal, fiirther thaji 
to point out the general correapondence between 
the trnuk, limbs, and bark of a tree and the tronk, 
limbs, aud hide of the anima! ; but we may turn to the 
consideration of the senses with which, as we have 
seen, it is necessary an animal ahonid be endowed. 

118. It ia plain that au animal furnished with 
sensor nerves, ramifying from the brain as a centre 
to every part of the surface of the body (see 
Haeckel'a "Essays on Cellular Psychology," or 
Herbert Spencer's " Principles of Psychology," 
vol. i.j p. 2o), and conveying to the brain — which 
acts, as we have seen, as a condenser in storing np 
force — all force impulses which reach the surface of 
the body, will, if its brain is placed upon a neck, 
which serves as a stand to insulate it from the body, 
and above all from the ground, feel uncomfortable 
in any situation in which the compulsive force im- 
pulses reaching the surface of its body are much 
stronger or much weaker than the repulsive force 
impulses reaching it ; for if either the pressure or 
the cold was excessive the animal would, having an 
excess of compulsive force stored in its brain, ex- 
perience a senaation of heavineaa, or inability to 
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extend its limbs ; whilBt, in a situation where either 
the heat was exceaaive or the pressure very email, 
it woald experience a difiSculty in contracting its 
HmbSj and therefore in moving; hence the animal 
would be warned by its sensations against moving 
towards situations where the temperature or pres- 
sure was uusuited to animal life. It is also clear 
that the animal, besides being rendered uncomfort- 
able by the surface of its body as a whole being 
exposed to conditions of pressure or temperature 
unl'avonrable to movement, would also be rendered 
uncomfortable, and might be hampered in its 
movements, if any parts of its body were to receive 
a severe blow or a wrench; for part of the force 
from the blow or the pull would be stored np in the 
bi-ain ; and if it were stored in the same coildeuser 
as that used in the movements of the limbs, would 
hamper the movements of the limbs until it was 
worked off; or, on the other baud, if it was stored 
in another condenser it would facilitate move- 
ment, as we have seen. If then the animal is 
furnished with long feelers, or tentacles, carrying 
sensor nerves in connexion with one of the lobes of 
the brain, and made very fine and very lon{^ so as to 
project far in advance of the body, it ia clear tliat if, 
when it is moving, any large obstacle to its further 
progress lies in its path these feelers will, by 
striking against the obstacle and transmitting the 
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force of the blow to the braiiij give tbe animal notice 
of the existence of the obstacle in time to enable it 
to stop before reaching the obstacle. And if now, 
instead of having a thin inside coating of aolid 
metal, aa the Leyden jar or electrical condenser haa, 
the brain of the animal is made soft and massive, 
and consists largely of carbon compounds and water 
or other fluids, and is permeated everywhere with 
small arteries conveying blood, and other fluids 
containing oxygen, to enable fresh tissue to be built 
up, or the grouping of particles in old tissue to be 
modified, and furnished also with veins running side 
by side with the small arteries, and acting as waste 
pipes to remove surplus fluids and material — just in 
the same way that the muscles are furnished with 
supply pipes bringing blood and oxygen, and with 
waste pipes to remove surplus material — it is clear, 
since, as we have soen, force, if it is not transferred, 
always produces definite changes within a mass of 
matter to which it is communicated, that the force 
communicated to the brain by every blow which the 
ends of the feelers receive by impact against ob- 
stacles lying in the animal's path, will, if it is not 
at once transferred, induce defiuite changes in the 
animal's brain, causing a condensation of the par- 
about the root of the conductor or sensor 
nerve in the feeler, or an alteration in the grouping 
of the particles iu the material of tbe brain, and 
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displacing' force of the opposite kind, which can 
be utilized in the movements of the muscles of the 
limbs or other parts of the body in the manner 
already described. Thns, if in the animal's brain 
certain portions or lobes are set apart for the nse, 
so to speak, of the feelera, a more or less perma- 
nent record will be left in its brain by every obatacle 
against which its feelers impinge. And if, further, 
the feelers are capable of being moved by sets of 
muscles in which movements of the same sort as 
those of other m.uscles can be set up, and if white 
the muscles of the feelers are in motion a portion 
of the force which, as we have seen, is displaced 
from the muscles is utilized to produce othev 
changes in the grouping of particles in the material 
of the brain, the animal will be able to form in its 
brain an engraving, so to speak, of the surface of 
the obstacle opposite to it; for by bringing its 
feelers together to one portion of the surface, and 
then passing one of them upwards or downwards 
and sideways across the surface from one edge to 
another, the points where contact begins at one 
edge and ends at the opposite edge, and the amount 
of extension or contraction of the muscle necessary 
to move the feeler from the point where contact 
begins to that where it ends, will be engraved upon 
the brain by changes in its material, and thus a 
picture orj rather, an engraving, of the surface will 
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not only be obtained bat retained in the brain; and 
this picture will be deep and permanent or shallow 
and transient, according as much or little time and. 
attention, or force and material, are given to its 
execution. By subsequently trauaferring force of 
the opposite kind to that by which the picture was 
produced through the lobe of the brain on which it 
ia engraved to the lobe of the other feeler, the pic- 
ture will be effaced on the lobe or side on which it 
was first engraved, and engraved on the other side by 
the force displaced in effacing the picture, which will 
be, plainly, the same force exactly as that by which 
the picture was originally produced. And so long as 
the picture remains engraved upon the brain it can, 
by being transferred from one side to the other of 
the brain, be reproduced by this process of recol- 
lection or memory, as we call it, as ofteu as the 
animal wishes. Thus, as the animal moves along it 
will be able to store up in its brain pictures of all 
the obstacles it encounters ; and if, instead of 
moving heedlessly along between the different sets 
of obstacles it encounters, it utilizes a portion of the 
force displaced in the muscles by every movement 
to produce a record in its brain by means' of the 
changes induced by the displaced force in the 
grouping of particles in the material of its brain, it 
will then have a complote record of the path, show- 
ng not only the obstacles in the way, but also tha 



nnniber of times the limbs must be moved in passing 
from ono obstacle to another. As the animal growa 
older, picture upon picture will be stored in the 
I" different layers of its brain j and though some 
I of those pictures which were lightly graven 
I will wear out or be effaced by others, those to 
f which much attention was given, and which, 
being often gone over and revised by comparison 
with the original, are deeply and firmly cut, will 
remain all through its life. A set of brain pictures 
of this sort constitutes, aa it is called, a stock of 
EKperieoce, upon which, by the process of Recol- 
lection already explained, the animal can draw at 
any timo for guidance. 

119. The pictures of obstacle thus engraved upon, 
the animal's brain by the means of feelers are en- 
graved by force developed in the body of the animal, 
or rather by force displaced from the obstacle with 
which the feeler comes in contact by force developed 
in the body of the animal and transferred to the 
obstacle by the feeler, the attention of the animal 
being engrossed or coufiued by the very form of the 
feeler to the object or objects with which at the 
time the feeler is in contact. But since solids 
transfer force to the particles of gaseous masses with 
which they are in contact, and the particles of the 
gaseous masses in their turn, aa we have seen at para- 
graph 49, ti'ansfer the force they huve thus received 
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matter is transferring a large amouat of force to the 
particles of air surronndiag it, force transferred by 
the air will reach the body of an anima! approaching 
that mass before the animal's body or feelers come 
in contact with the mass, and that in this way, 
without the aid of feelers, an animal may be made 
aware of the existence of obstacles, if the obstacles 
are able to transfer force ia large amounts to the 
air; though at the same time, since the force thus 
transferred through the air would act upon the whole 
surface of tho animal's body opposite to the mass, it 
is clear that no precise information in regard to the 
form and extent of the obstacle could be obtained. 
If, however, a small portion, in the form of an eye- 
ball, of the animal's body were separated from the 
rest, and, though connected by a conductor with the 
brain, otherwise insulated, ao as to be unable to 
transfer force readily to any other part of the body; 
and if at the same time this ball were so enclosed or 
shut off from the brain and the rest of the body, as 
well as fi-om the outside, in a socket or depressioa 
in the surface oi' the body, that no force could reach 
it except the force transferred by an object directly 
in its front, — it is plain that the eyeball, if it were 
composed of some stable compound in which the 
grouping of the particles could not be readily altered 
by any force likely to reach tho ball, would contract 
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or expand under impulses of force which it could 
not transfer to the. body and which were not 
sufficiently great to indnce alterations in the group- 
ing of its particles nor to produce movement 
involving cliange of position in the ball ; and if the 
interior of auch an eyeball were filled with some 
Huid which would expand and contract under the 
action of force more readily than the outer portion 
of the ball contracted or expandea, — the eyeball 
would, it is plain, being prevented by the socket in 
which it was enclosed from drawing nearer to the 
braia when its fluid contents contracted, exert a 
pulling strain upon the brain by tending to shorten 
the length of the conductor connecting it with the 
brain. We shall perhaps be able to understand 
better the dragging action which an eyeball of 
this sort, when it contracts, will exert upon the 
brain, if we consider the effect exercised by con- 
tractions in the mercury in a thermometer upon 
the top of the glass tube of the thermometer. 
For the bulb of a thermometer, filled as it is with a 
fluid which expands and contracts under the action 
of force more readily than the glass bulb, and having 
attached to it a stalk in the form of a tube, may 
plainly not inaptly be compared to an eyeball with a 
conducting stalk of the sort explained. We can 
show experimentally that a column of mercury in a 
tube forms a piston, or rather a plunger, and that a 
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piston if it is forced np towards the closed end of a 
tube produces pressure upon the closed end, or if it 
is drawn back away from the closed end exerts a 
pulling strain upon the closed end ; and we may see 
the mercury column, when the mercury in the ball 
of the thermometer contracts, shortening and draw- 
ing away from the closed end of the tube, and there- 
fore putting a pulliog strain upon the closed end of 
the tube ; and ao also plainly must an eyeball in a 
socket produce a pulling strain upon the brain of an 
animal, if the fluid contents of the eyeball contract 
more readily than the outer portion of the ball. 
The analogy between the case of the eyeball and 
tliat of the bulb of the thermometer will be seen to 
be more complete if, for the same reason that the 
bulb is made of a transparent material allowing rays 
of heat and light to pass through to the mercury 
inside, the eyeball also on the one side from which 
force reaches it is made with a transparent covering 
which allows rays of heat and light to pass through 
to the fluid contents of the eyeball. 

We have seen that when the eyeball contracts it 
exerts a pulling strain upon the brain, owing to the 
socket preventing the shortening of the nerve or 
conductor connecting the eyeball and brain. We may 
now remark that the socket will not prevent the 
eitenaion of the nerve or conductor j and that if 
there is notliing to prevent this except a few muscles. 
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wliicli themselves are liable to be extended by any 
force TOhicli tends to expand the eyeball and extend 
the nerve, the brain, although it will be atimulated 
by the action of compulsive force entering the eye 
in the form of rays of light, will not he atimulated, 
or at all events wiU not be stimulated to the same 
extent, by the action of repulaive force enteriag the 
eye in the form of heat. And therefore the eyeball 
differs from the thermometer in indicating the action 
of hght rays instead of that of heat rays. Now 
animals are furnished generally each with two eye- 
balls, filled with fluid, and pierced on one side with 
a hole or pupil, with a transparent covering, or 
cornea, through which rays can enter and reach the 
fluid contents of the eyeball ; and these two eyeballs 
are connected each by an optic nerve with the brain, 
and at the same time are placed in sockets which 
prevent the shoi'tening of the optic nerve, and are 
held in position in the sockets by muscles capable 
of expansion under the action of heat. Hence it is 
clear that animals so furnished will be able to 
recognize, by the dragging effect exerted npon the 
brain, the presence of objects which radiate compul- 
sive force in the form of light to their eyes, and thus 
produce contraction in the fluid contents of the eye- 
It is also clear that an animal furnished with two 
eyes, capable.of being moved in the same way that 
feelers are moved, can, by directing the eyes to any 
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object radiating compulaive force, and moving the 
eyes, obtain a picture on its brain of the surface of the 
object, delineated by the ohangos in the grouping of 
the particles in its brain cansed by the pulling 
action upon the brain exercised through the eye by 
the compulsive force from the object, and to force 
displaced from the muaclea in the act of moving the 
eye. Such a picture will be similar to the picture 
formed upon the brain by the medium of feelers, 
but ■will differ iu this one respect, that whereas 
the picture obtained by means of the feelera ia 
engraved upon the brain by pressure, that obtained 
through the medium of the eyes is embossed or 
executed in relief by tension. The brain may-be 
stored with pictures obtained through the eye in 
series upon series in its different layers, just as it 
may be stored with pictures obtained through its 
feelers; but in order to institute a comparison 
between the picture of an object obtained through 
the eye with that of the same object obtained 
through its feelers, it must first reverse the picture 
obtained through the eye. Pictures can be obtained 
through the feelers at any time in light or darkness, 
but those obtained through the eye can only be 
obtained when the object is illuminated; hence 
pictures obtained through the feelera will naturally 
supply the standard to which other pictures will be 
referred. Though animals are furnished with two 
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eyes, one eye only is apparently concerned directly 
in the production of the picture in the brain, and 
the other eye simply transfers the force it receives 
so as to supplement the force at work in the other 
eye, and thus produce one picture only. "We can 
see this by moving so as to bring two objects into 
line when looking at them with both eyes, and then, 
when the two objects are in line, closing first one 
eye and then the other ; for we shall find that the 
objects remain still in line when one particular eye is 
closed, but are no longer in line when the other eye 
is closed, showing that a different picture of the two 
objects is then obtained. We are accustomed to re- 
cognize this by speaking of one eye as being stronger 
than the other. On the other hand, we can show 
that both eyes are actually employed in the forma- 
tion of the picture, though one merely assists the 
other, for if while we are looking at any object we 
apply the finger to one eye so as to force it slightly 
down, we shall then obtain two pictures of the object. 
But though with the lower animals representations 
of objects may be roughly executed on the brain in 
the manner described, in the case of the higher 
animals, the representations of objects will be far 
more carefully and faithfully executed. For if we take 
the case of our own brains we find that our arms 
and hands supply the place of the antennas or feelers 
of other animals of lower types, and that our feelers 

s 
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branch out at their extremities into fingers with 
sensitive tips ; also that with these branched fingers 
we can, by the sense of touch, obtain very complete 
representations of those portions of the surface of 
any object which may at the time be opposite to us. 
We find also that just as we aYe provided with branched 
feelers, so also the extremity of the optic nerve in 
our eyes is branched in such a way as to spread out 
over the whole of the retina, or portion of the eye 
upon which the rays of light, when they have 
entered the eye and passed through the transparent 
fluid which it contains, fall, and thus furnish us 
with a very complete representation of those por- 
tions of the surface of any object which may be 
opposite to us. 

] 20. In the human eye the adjustments are very 
complicated, and we may perhaps for a time profitably 
turn our attention to them. We may notice then, in the 
first place, that the whole of the eye, except the por- 
tion in front covered by the transparent cornea, is 
enveloped in the opaque white sclerotic membrane, 
which reflects all light and excludes it from entering 
the eye anywhere except through the cornea. We 
may notice next that the greater part of the light 
which passes through the cornea is cut off and 
absorbed by a dark-coloured membrane called the 
iris, which is stretched behind the cornea, and allows 
only a comparatively small portion of light to pass 



of the Universe. 259 

to tliB optic nerve and retina through the pupil, or 
small hole which is pierced in the iris, and which 
contracts in strong light and expands in dim light 
thus regulating the amount of light which enters 
the eye, and plainly following the contractions wMcli 
the eyeball itseK undergoes under stronff light. 
The light rays which pass through the pupil fail 
upon the crystalline lens, by which, in the manner 
described in paragraph 105, they are bent or 
refracted, in the same way as rays of light are 
refracted by the lena in a photographer's camera, and 
focussed upon the retina of the eye. The crystalline 
lens is a double convex one, and according to 
Helioholtz ("Popular Scientific Lectures," p. 205} 
becomes more convex, especially on the outside, by 
the contraction of the ciliary muscle, when the eye 
is looting at near objects than when it is looking at 
distant ones ; in this way, when at rest being ad- 
justed to see distant objects distinctly, the eye 
accommodates itself to look at near objects. Since 
near objects send much more light to the eye than 
distant ones do, they naturally produce more con- 
ti-action in the eyeball than distant ones ; and here 
again, as in the case of the pupil, we see light 
directly producing contraction. It seems important 
to notice that while the sclerotic membrane is made 
white so as to reflect light, the iris, which, aa well 
as the ciliary attachment behind it, is required to 
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contract under strong light, is made dark-coloured 
so as to absorb light. The choroid membrane out- 
side the retina is also made dark-coloured, so as to 
absorb all light rays which enter the eye. 

If we bring the eye close to, i.e. within an inch 
of, a fine bright metallic point, or a very minute 
hole in some opaque substance, so as to allow rays 
of strong Ught to pass from the point, or through 
the hole, into the eye, we shall notice on the 




Fig.iO. 



point or in the hole a brilliant spot of light, con- 
sisting of a series of concentric rings, alternately 
bright and dark, of which the outer ring is a bright 
one. 

The concentric bright and dark rings in these 
spots seem in some way connected with the arrange- 
ment of the particles of which air is composed about 
the point or in the hole on or in which the spots of 
light are seen. We have already seen, in paragraph 
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24j that solida condense films of air particles upon 
their surfaces, and if we take any solid {one finger 
of the hand will serve well for this purpose) and 
hold it up against the light, withiu about two inches 
of the eye, we shall notice that the outline of the 
surface is not sharp and distinct, but that, clear of 
the surface, a dim, hazy, dark- coloured film stretches 
all round it for a depth of perhapsabout one-twentieth 
of an inch ; if we then bring another finger near to 
the ono at which we are looking, so that the one may 
nearly touch the other, in the way shown in I'ig. 1 0, 
we shall see, by looking between the two fiagers, 
that, as one finger gets near the other, the hazy films 
about the approaching surfaces meet when the 
fingers are as close to each other as in Fig. 10, and 
a dark band marks the janction of the films. If 
the fingers are brought still closer together other 
dark bands appear, which, when the fingers get still 
nearer together, though before they are actually touch- 
ing, coalesce, and form dark patches of the same pink 
colour as the hand at the joints, where, owing to 
the prominences, the surfaces are closer together 
than elsewhere ; finally, when the fingers touch the 
alternating bright and dark bands merge here and 
there at points, where light still finds its way through, 
into the spots with concentric rings, alternately bright 
and dark, seen in minute hoies or upon fine points. 
If the fingers are slightly wetted before the hand is 
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held up, the same patches will be formed with water 
instead of with air. 

If, while we are looking at one of the spots of 
light in a minute hole in some opaque substance, we 
pass a card or some other flat opaque body slowly 
between the eye and the hole, so as gradually to cut 
off the rays of light which pass through the hole 
from entering the eye, we shall find that if the 
card is passed across from above downwards the 
bottom portion of the spot of light is first obscured, 
and the top portion the last to be obscured ; whilst 
if the card is passed from below upwards the top 
portion is the first and the bottom portion the last 
to be obscured ; or if the card is passed across side- 
ways from left to right, then the right side of the 
spot is the first and the left side the last to be 
obscured; or if the card is passed from right to 
left, then the left side of the spot is the first and the 
right side of the spot the last to be obscured. Thus 
the shadow of the card always moves across the spot 
in the opposite direction to that in which the card is 
moving, or in the reverse direction to that in which 
a shadow ordinarily moves, clearly showing that 
the image of the spot is reversed in the eye. 

Again, if while looking steadily at one of these 

spots of light in a minute hole or on a fine point 

the eye is gradually closed, we shall find that the 

pot is gradually reduced from a perfect disc to a 



of the Universe, 263 

narrow horizontal streak, consisting of a series of 
bands alternately bright and dark, intersected by a 
number of dark spaces due to the shadows thrown 
by the eyelashes (which shadows, it may be noticed, 
will be seen in strong light to be made up each of 
a series of fine bands, alternately dark and bright), 
and finally the spots will be entirely obliterated 
when the eye is quite closed. If, however, after the 
eye has been so far closed as to convert the spot of 
light from a disc into a streak, the lids are kept for 
some time in the same position, thus nearly closing 
the eye, and the streak of light thus obtained is 
steadfastly contemplated all the time,, and then the 
eye is suddeDly opened to the full extent so as to 
see once more the spot as a perfect disc, a persistent^ 
image of the streak with its bright and dark bands 
will be seen right across the disc for several seconds, 
though gradually getting fainter and fading away. 
The persistence of the bright and dark horizontal 
bands of the streak across the circular bright and 
dark rings of the spot, seems to show that the 
bright and dark bands in the streak represent a 
series of alternating ridges and furrows, either in 
the retina of the eye or on the surface of the brain, 
and not merely a series of illuminated * and unillu- 
minated spaces. It would almost seem that these 
persistent horizontal bands are due to the motion of 
the eyelid, since they begin to appear at once 
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directly the lids begin to more, whereas they do not 
appear to be formed when a spot of light is con- 
verted from a disc into a streak by the passage of a 
card or other flat opaque substance between the eye 
and the hole or point on or in which the spot is 
formed, also the bands are even more distinct in a 
dim than in a very strong light. We have thus, 
perhaps, here, an illustration of the way in which 
images of objects are obtained by the changes 
produced in the grouping of particles in the brain 
by the combined action of force acting through 
feelers or eyes, and that displaced from muscles 
attached to the feelers or to the eyes. 

The fact that these spots of light are reduced 
from the form of a disc to that of a semicircle or 
of a segment of a circle, and finally to that of a streak, 
when the eye is partially closed by the drooping of 
the upper eyelid, shows that the size and form of 
the spots depend upon the size and form of the 
pupil of the eye. This is further shown by the fact 
that if several fine bright points, or several exceed- 
ingly minute holes close together, are examined in 
place of a single point or a single hole, a number of 
spots corresponding to the number of the points or 
holes will be seen, in place of the single spot seen 
with a single point or hole ; and when a number of 
spots are seen together it is to be noticed that all 
are of exactly the same size one as another. This 
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also is shown by the additional fact, that under a 
dim light, when the size of the pupil, as we have 
seen in the preceding paragraph, is large, the spots 
are larger than they are under a strong light, when, 
as we know, the size of the pupil is reduced. 

If, keeping in remembrance the general appear- 
ance of the spots of light, with their concentric 
rings, alternately bright and dark, and with the 
outermost ring a bright one, and with their reversod 
images, we now go into a dark room, and apply 
pressure, by the tip of the finger or by any pointed 
substance, to the portion of the bal! of one of our 
eyes lying between the pupil and the nose, a spot of 
light, known as a phosphene, consisting of a number 
of more or less concentric rings, alternately bright 
and dark, of which the outermost ring is a bright 
one, will make its appearance on the opposite side of 
the eye to that at which the pressure is applied. If 
we shift the point of application of the pressure the 
spot will shift too, keeping always on the opposite side 
of the eye to that at which the pressure is applied; 
thus, if pressure is applied above the pupil, the spot 
wUl appear below tho pupil; if the pressure is 
applied below the pupil, the spot will appear above ; 
or if it is applied on the left side of the pupil the 
spot will appear on the right side, and so on. If 
pressure is applied to the eyeball when tlio eye is iu 
strong light, a dark spot, apparently produced by 
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the nerves of the eye being fatigued, in the same 
way that they are fatigued with the result of in- 
ducing temporary blindness under the action of 
excessively strong light, is seen in the same 
relative position as the bright spot is seen when 
pressure is applied to the eyeball in a dark 
room. 

In the fact that the general appearance produced, 
both when rays of light pass from a pointed sub- 
stance, or through a hole made by that pointed 
substance, into the eye, in such a way that their 
action is not interfered with by other rays, and 
when force is transferred from a pointed substance 
to the outside of the eye, is that of a spot of light 
made up of concentric rings, alternately bright and 
dark, of which the outermost ring is a bright one, 
and having its image reversed, we have evidence in 
regard to the action of light which seems irresistibly 
strong, and the more so if it is noticed that the 
application of pressure to the eye produces no effect 
if it is applied over the pupil, or unless it is applied 
over the portion of the eye lined by the retina, or 
in other words to the same portion of the eye as 
that on which rays of light act. For if, setting 
aside minor differences, the effect produced by the 
transfer of force in the form of light from a pointed 
substance to the inside to the eye is the same as that 
produced by force transferred from a pointed sub- 
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stance by pressure to the outside of the eye, it is 
clear that the action of light on the inside is that of 
a dragging force tending to draw in the portion of 
the retina on which it acts, since the tendency of 
pressure applied to the outside is to drive in the 
portion of the retina upon which it acts, and thus 
produce condensation by the action of displaced 
compulsive force, as we have seen at paragraph 
33. 

121. The eye is clearly the most important of all 
the organs of sense connected with what may be 
called the intelligence department. The ear is 
another organ connected with the same department, 
though a less delicate one than the eye ; for whereas 
the eye is very readily excited to action by any 
development of compulsive force in the form of 
light, the ear is only excited by force received by 
motion and impact (see paragraph 49), or in other 
words, by the blows struck upon it by masses of air 
set in motion by impulses of force, which they are 
unable to transfer without change of position. The 
ear is made in the form of a thin membrane, which, 
moving readily under the action of force, transfers 
force received by the impact of a mass of air in a 
motion against it, by a blow or a succession of blows 
to the brain. The membrane of the ear is placed in 
depression in the surface of the body, and otherwise 
fenced round, so that impulses of force may reach it 
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i'rom one direction only, and thus animals may know 
the direction from which, the sonads or blows which 
excite the ear come. The force which the brain 
receives by blows from the ear, when not utilized in 
setting up motion in the muscles of the limba or 
other parts of the body, produces changes in the 
grouping of particles, which are duly registered or 
stored up in the brain in tho form of sound pictures, 
representing the strength and frequency of the 
blows, but not the size or conformation of the sur- 
face from which the blows were received. The 
animal being furnished with two ears can transfer 
sound pictures across from one side of the brain to 
the other, and thus reproduce sound pictures by 
memory, in the same way that it reproduces pictures 
produced by touch or sight, 

122. Tlie sensations of taste and smell, though 
due, like other sensations, to force, differ from those 
of feeling, seeing, or hearing, since they seem to be 
due to force developed in the tissues of the body by 
changes of chemical combination in the particles of 
which the tissues are made up, induced by con- 
tact with the particles of the masses of matter tasted 
or smelt. This is very clearly indicated by the fact 
that oxygen gaa, which in the ordinary form is an 
inodorous gaa, becomes odorous when condensed 
into ozone, and also becomes exceediugly active, so 
that it acts strongly upon organic substances, on 
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which in the form of oxygen it has no action (see 
paragraph 66). 

By the sensations of taste and smell an animal is 
enabled to discriminate between the different kinds 
of food available for use, or to tell whether gases 
unfavourable to existence are present in the air 
about it. 

The force developed by the changes of grouping 
in the particles of the tissues connected immediately 
with the organs by which the sensations of taste 
and smell are produced, being transferred to the 
brain by the nerves of taste and smell may be con- 
ceived to induce changes in the grouping of the 
particles of the brain at tbe root of the nerves, in 
the same way as changes of the grouping of par- 
ticles of the brain are induced by force reaching the 
brain by the otber sensor nerves, and tbus a series 
of taste or scent pictures are stored up in the brain. 

Since the animal is furnished with two nostrils, 
scent pictures can be reproduced by memory at any 
time. 

The membrane in which the changes are induced 
by whicb the force producing the sensation of smell 
is developed, is placed in a depression and other- 
wise fenced round, in much the same way as the 
membranes connected with the sensations of sight 
and hearing are placed in depressions and fenced 
round, so that gases by whose presence the changes 
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producing the sensation of smell are set up may 
reach the nostrils from one direction only, and thus 
the animal may be informed of the quarter from 
which the gases come. 

123. An animal endued with the power of loco- 
motion, and with a stomach or sac in which a supply 
of food to furnish fuel for locomotion and material 
for growth can be stored ; furnished also with the 
necessary appliances for collecting and storing food 
in a proper condition for use, and with senses to enable 
it to select thekindof food which it requires; furnished 
also with senses to enable it to discern from a dis- 
tance, whether by night or day, the position and 
characteristics of animals, or vegetables, or inani- 
mate masses of matter around it; furnished also 
in its brain with a store of pictures representing the 
characteristics of other animals, vegetables, or 
inanimate masses of matter it has before met with, 
and able to institute comparisons by the operation 
of memory between the pictures representing the 
characteristics of friends and foes and of situations 
and things beneficial or noxious which it has before 
met with, with those of the beings or things at the 
time present before it, and thus to discern whether 
it is in the neighbourhood of beings friendly or 
hostile to it, or in that of things or situations 
noxious or beneficial, — is able to look after itself, 
having a fund of experience, or, in other words, a 
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stock of brain pictures, on which to rely for guidance 
in any emergency. But if animals require to be so 
well furniBhed before tliey are able to do for them- 
selves, it is plain that if they are developed from a 
simple cell or group of cellsj as plants, aa we have 
seen, are, they would be in a bad way if turned 
adrift aa simple apores or seeds to do for them- 
selves ; hence we find with animals that the young, 
even when they are separated from the parent in 
the egg form, are provided with a stock of food in 
the shape of yolk globules, on which they can sub- 
sist, and that the eggs are not scattered at random, 
as the seeds of vegetables are, but are carefully 
■ placed in some situation where heat and moisture 
will reach them, and are sometimes, as in the caae 
of birds, placed in a nest and supplied with warmth 
and moisture by contact with the body of the parent 
by the process of incubation, and are when hatched 
from the egg geuei'aUy fed aud cared for until they 
have acquired strength and experience to do for 
themselves. In the caae of others of the higher 
animals whose young do not separate from the 
parent in the egg form, the young remain attached 
to the parent until, in many cases, they are perfectly 
developed, and when they separate are fed by fluid 
secreted by the parent, and cared for until they 
have acquired sufficient strength and experience to 
do for themselves. The young animal may bo as- 
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sisted in acquiring the necessary experience, or in 
stocking its brain with pictures, by warnings com- 
municated through the eye or ear by the parent ; or 
it may perhaps in some cases acquire hereditarily 
the necessary layers in its brain to enable it to 
perform the functions devolving upon it, by instinct 
as we are accustomed to call it. 

We have seen, in paragraph 113, that plant cells 
naturally differentiate into cells of two kinds, one kind 
fitting themselves to inhale gases, strain out carbon 
from carbonic acid, and elaborate starch, and taking 
the form of leaf cells; the other kind fitting themselves 
to imbibe the moisture and salts from the earth re- 
quired for the proper growth of the plant, and taking 
the form of root cells. We have seen also how 
when the plant is in full vigour, at certain seasons 
when the conditions under which the plant is grow- 
ing are specially favourable to the secretion of cell- 
forming material, it may happen that a superabun- 
dance of cell-forming material may be secreted, and 
that then abnormal outgrowths, which cannot be 
pennanently retained, of leaves in the form of young 
plants or in the form of flowers with petals and 
stamens, or of roots in the form of tubers or bulbs, 
or in the form of pistils with ovaries will occur ; 
and how that if a mass of leaf cells from the 
stamens should come in contact with a mass of root 
cells in the ovary of a pistil the conjugation of the 
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two masses will give rise to a new mass containiEg 
both root cells able to imbibe moisture and salts 
and leaf cells able to inhale gases and elaborate 
starchj and therefore perfectly fitted to develope 
into a plant; and that accordingly the tnasa of 
conjugated root and leaf cells will, under favourable 
circumstances, quickly develop into a young plant, 
and covering itself with a husk take the form of a 
seed. We shall not, therefore, have much difficulty 
in understanding how animals too, when in full 
vigour, may at certain seasonSj when the conditions 
are specially favonrable to growth, secrete a supei-- 
abundance of cell-forming material ; and how ab- 
normal outgrowths which cannot permanently be 
retained will then be developed by thena. But 
inasmuch as the animal obtains, as we have seen, 
all its supply of food and moisture from its stomach 
and lungs, or by root cells, and requires only 
from its outer cells a supply of force to enable it to 
initiate the changes on which the movements o£ its 
muscles depend and to supply it with intelligence, 
and its cells, instead of differentiating into root and 
leaf cells as do those of plants, differentiate into 
root cells and nei-ve cells ; when then a super- 
abundance of cell-forming material is secreted by 
the animal, the consequent abnormal outgrowths 
will take the shape of nerve cell material in the 
form of spermatozoa corresponding to the leaf cell 
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sea of pollen produced by the plant, oi 
I root cell material in the shape of ova correspoiwiing 
I to the ova in the ovaries of the pistils in the plant, 

a the shape of buds by gemmation as in 
I ai the protozoa, or in tho shape of young animals by 
parthenogenesis in the metazoa (Balfour's " Em-^ 
bryology," pp. 5 — 12). And if one of these sp< 
matozoa or masses of nerve cell material shonl 
come in contact with an ovum or mass of root ce] 
I material it is plain that the conjugation of the tw 
I masses will give rise to a single mass contaijiing tlu 
two kinds of cells required for the development of 
\ a perfect animal ; and accordingly it is found that 
if the conjugation of the two masses should take 
I place under favourable cii-cumstances the develop- 
\ ment of cells of the two kinds called respectively 
epiblasfc and hypoblast cells will at once coi 
by the process of segmentation or division of t 
I mass, first into two parts, then into four, then in) 
eight, then into sixteen, then into thirty-two, thf 
' into sixty-four, and so on, parts, which first arran^ 

maelves in the form of a blastosphen 
I spherical shell about a segmentation cavity; 

then, when the blastosphere has been formed, t 
I hypoblast separate from the epiblast cells, either \ 
I one-half of the blastosphere bulging inwards g 
[ forming a two- layered hemisphere, with the hypobla 
I layer inside and the epiblast layer outside, or by tl 
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blastosphere splitting into two layers, the inside 
layer being the hypoblast one. The epiblast layer 
subseqnently develops & cuticle and nervous sys- 
tem ; the hypoblast develops the digestive and 
secretory organs (Balfour's " Embryology,^' pp. 75 
and 103). Finally, with the addition of mesoblast 
cells, differentiated p.^rtly from the epiblast and 
partly from tbe hypoblast cells, the complete animal 
is developed. In the lower animals, in some cases, 
both spermatozoa and ova are developed by the 
same individual, just as stamens and pistils are in 
most cases developed on the same plant. But in 
tbe higher animals, spermatozoa or nerve cell masses 
are developed by the male, and ova or root cell 
masses by the female; just as with some plants 
stamens alone are developed by some plants and 
pistils by others. 

1 24. We have seen, in paragraph 110, the extreme 
importance to an animal or plant of the colour of 
the different parts of its body, leaves, or flowers, 
since the colour determines the quantity and kind 
of force admitted to or reflected from the coloured 
part iu the shape of light and heat. We may 
notice then how very generally dark bands or 
patches are found, often contrasted with light ones, 
on parts where great muscular activity prevails. 
Thus tbe fore part of tbe front and hind legs of 
animals is usually dark coloureii, or darker thau the 
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rest of the body ; so also dark-coloured necks and 
muzzles and dark patches about the eyes and along 
the back are often found; also dark-coloured 
bands and patches are often found on the wings 
of birds or butterflies. The eye-spots on cater- 
pillars, such as Chaerochampa Elpenor (the Ele- 
phant Hawk Moth), over the place where the 
future wings are to come, seem also specially 
deserving of notice. 
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CHAPTER VII. 



CONCLUSION. 



Let us hear the conclusion of the whole matter : Fear God and 
keep His commandments, for this is the whole duty of man. For 
God shall bring every work into judgment, with every secret thing, 
whether it be good or whether it be evil. — £cole8Iabtes xii. 13, 14. 

125. Perhaps it may have seemed to some that we 
have drifted away altogether into materialism and 
got clear of God. We have seen that life has a 
physical basis, that it consists essentially in the suc- 
cessive expansions and contractions set up by the 
action of heat and light in a cell or mass of matter 
consisting, on the outside, of certain albuminous 
compounds which contract readily under the action 
of compulsive force, on the inside, of a quantity of 
fluid. We have seen too that by the expansion 
of its walls a cell of this sort is made to drink in 
gases and fluids, which, when subsequently con- 
densed by the contraction of the cell, enter into 
combination with some of the liquid or solid par- 
ticles in the fluid inside the cell, and form material 
for the growth of the cell by the enlargement of the 
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cell walls, or for the growth or development of the 
body of which the cell forms a part by the forma- 
tion of walls for other cells, or for the formation of 
a membrane or a hard coat to strengthen the out- 
side of the cell walls ; also, that by the subsequent 
contraction of its walls the interior of the cell is 
made to give up the material it has secreted, and 
that this as it passes drops into some vacant place 
in the walls, and, coming to rest, increases the size 
of the walls of the cell; or going further, lodges 
outside the cell and forms a membrane or hard 
sheath ; or going still further, forms the nucleus of 
another cell ; or going on, enters some other cell and 
furnishes it, after it has undergone further combina- 
tion, with material for the elaboration of the more 
complex secretions which the animal requires for 
the processes of digestion, mastication or lubrication, 
or with material for forming the different kinds of 
sheaths which cells in different situations require 
to enable them to form bone and ligament, nerves 
and skin, or woody fibre, bark, and bulb. And thus 
the perfect animal or the perfect plant is built up, 
whether, as in the lowliest forms, it consists of a 
simple string or bundle of cells, or whether, as in 
the highest forms it possesses a trunk with roots 
and branches and leaves able to develop flowers 
and fruit, or a body with limbs and stomach heart 
and brain, able, like the tree, to reproduce its kind. 
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We have seen also that the formation of cells ia 
due to the tendency to arrange themselves in 
groups in regular order which particles of every 
foi-m and at every stage exhibit under ihe action 
of the two forces of compulsion and repulsion with 
which they are endued, and owing to which not 
only colls and animate bodies or aggregations of 
cells are formed, but also crystals and amorphous 
masses of matter, and inanimate heavenly bodies 
in the shape of sun, moon, and stars, which are 
aggregations of crystalline and amorphous masseSj 
are built up and sustained. And hence at first 
sight it may appear that we have quite banished 
supernatural agency, and substituted for it a me- 
chanical agency, and thus have struck off blindly 
into new paths where there are none of the old 
landmarks to guide cs. But indeed it is not so ; for 
thougli no doubt we have tried to explore new 
paths, the old well-known landmarks havo been 
in sight throughout oar journey, and they are in 
sight now at its close if we will but open our eyes 
to see them. 

The proverb says that extremes meet. And what 
then is this compulsive force, with which every 
particle) and every mass, and every body animate 
or inanimate, is begirt, and being thus begirt is 
compelled to take its appointed place from time 
to time, in group, or cell, or crystal, or mass. 
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' body, 



. solid, 



1 liquid, 



, and to 1 



move 

into its place always in a perfectly onlerly way 
— but a manifestation or an expression of the 
will or power of God, Omnipotent, mui present ? 
And what then is the repulsive force with which too 
every particle, every mass, and every body animate 
or inanimate, ia begirt, and being thus begirt en- 
deavoura constantly to escape from the positions 
into which it is brought by compulsive force, in 
group or eel! or crystal or mass or body, and thus 
to resist and undo and frustrate and mar the work 
of the controlling all-compelling power — but an 
expression of the power or will of tho power or 
powers of evil constantly opposing and resisting 
the power of God or Good? There can be no 
mistaking this ; here we are face to face again with 
the old Bible story of a conflict ceaselessly going 
on between the two powers of Good and Evil — the 
same story, too, which is at the base of all religions. 
Only the story ia traceable hero not merely in books 
or in pictures, but everywhere, in the densest solid 
mass or in the lightest vapour, in the tiniest atom 
and in the largest orb, written —or rather, modelled — 
on every one of the thousands of particles of which 
even the tiniest atom we can recognize is made up. 
12(J, Wo thus bear about us in every fibre and cell 
in our bodies, repeated over aud over and over again 
npon each one of the thousands upon thousands of 
particles of which each of those fibres and cells is 
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made up, a story of creation which is substantially 
the same aa that we find in the Bible. Let us 
look at it then. The story repeated upon each 
particle showSj first, a world of disorder, a wild cou- 
fuaion of atoms each in the g^rasp only of repulsive 
force — an earth "without form," to use the words 
of the Bible; and then comes compulsive force or 
light, as the Bible says, upon the scene, and im- 
mediately particle joins particle to foi'm groups, 
and group joins group to form masses, and mass 
joins mass to foi'm the heavenly orbs, and orb 
unites itself to orb to form solar systems which 
draw towards the source of light, and as they draw 
towards it commence to revolve owing to their 
being nearer on one side than on anothei' to some 
other orb and therefore better able to transfer force 
on that side than on the other, and thus as they 
revolve each half of these orbs is alternately illu- 
minated and left dark— or light is divided from 
darkness, as the Bibie story says. 

We pass then to the next scene : and now we see 
the gaseous orbs of the last scene brought so much 
nearer to the source of light that their masses have 
differentiated into liquid and gas, owing to the dis- 
placement of repulsive force by compulsive force 
about their particles, and the denser liquid masses 
have drawn to the different centres — or, according 
to the Bible story, a firmament divides the waters 
from the waters. 
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We pass on to the third scene : and now the orbs 
have drawn so much nearer to the source of light, 
and compulsive force has in consequence so far 
displaced repulsive force about many of the par- 
ticles, that the diflferent masses in the liquid orbs 
of the last scene have differentiated into solid and 
liquid — or, according to the Bible story, the dry 
land has appeared. 

So far the scenes have been just those with which, 
on a minute scale, we have been familiar in chemistry 
— in fact, just those summarized in the first part of 
paragraph 113. 

And now we have to turn to the cells for the 
rest of the story, and in them we find represented 
another scene, where the view is taken off from the 
great orbs with their solid land masses and liquid 
seas and densely clouded skies first to a narrow 
spot where, from a few albumin and water groups 
of particles grouped together in a tiny mass, the 
first living plant cell is evolved, somewhat in the way 
explained in the last part of paragraph 113 — and then 
a little further on this first plant cell has increased 
and multiplied and developed into thousands of 
forms — lichens, mosses, ferns, grasses, weeds, flower- 
ing plants and trees — which cover not only all the 
low-lyiDg land, which being richly charged with 
salts washed down from the higher ground is 
fitted to support plant life, but also fill the shallow 
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waters — or, according to the Bible story, the earth 
has "brought forth grass and herb yielding seed 
after his kind, and the tree yielding fruit whose 
seed was in itself after his kind/^ 

Once more the scene changes : and now we have 
a representation of the differentiation of the plant 
form into the animal form, with stomach sac and 
root-like limbs, somewhat after the manner de- 
scribed in paragraph 114. And we notice that the 
complete development of the animal forms takes 
place in water, at a time when heavy torrents fill 
the shallow lakes and estuaries with masses of 
bruised vegetable matter carried down from the 
hills, and thus furnish an abundance of food suitable 
for assimilation in the stomach sacs of the primitive 
animals also carried down by the torrents into the 
estuaries. According to the account in the Bible, 
the sun and moon become visible just before the 
first creation of animal forms, thus implying that 
the sky had become clear, and indicating, as we may 
assume, that a condensation of heavy clouds pre- 
viously enveloping the earth and obscuring the 
sun had taken place, and therefore that the time 
was one of heavy rain. The Bible story further 
shows, that the first development of animal forms 
took place in the water, and that the waters 
brought forth "abundantly the moving creature 
that hath life.'' 



284 Light the Dominant Force 

And then, in the last scene we have, both in the 
Bible and in the particles of the nerve cells of the 
higher animal forms, a representation of the de- 
velopment of the higher animals forms from the 
lower. 

So that if we put away the childish objection that 
the Bible account implies that each one of the 
successive acts by which the creature was completed 
took place in a day of twenty-four hours, we see that 
the two accounts exactly tally. 

127. But besides the story of Creation we may 
learn something more from the particles; for since 
we see that repulsive force is almost as necessary to 
our well-being as compulsive force, it is clear that a 
fair amount of resistance or opposition is good, and 
that resistance and opposition ouly become evil 
when carried to excess, and when they strive to get 
absolute sway. But the Bible also tells us that the 
powers of evil were once angels of God, and that 
they " kept not their first estate, but left their own 
habitation,^^ (Jude 6). The particle also tells 
further, since it is part of a solar system which is, 
as astronomers tell us, being continually drawn 
towards one point in the heavens, that though repul- 
sive force most strenuously opposes the action of 
compulsive force, yet that its resistance is being 
slowly and steadily overcome, so that one day our 
earth will become a solid mass, without any liquids — 
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and "there wUl be no more sea ;" and then all life 
in its present forms will be impoBsible — and there 
will be "a new heavens and a. new earth." 

128. The cell, besides the creation story, repre- 
sented on its particles Rnd in its groups, can further 
tell* ns that suffering ia the order of this life, and 
that nothing is done without suffering — not always 
painful suffering, but still suffering. Thus the cell 
suffers expansion, and, being empty or hungry, 
takes in the supply of liquid and gaseous particles 
necessary for the elaboration of material to supply 
its own wants and the wants of kindred cells. 
Again, it suffers contraction, and being distended 
gives up the material required for the growth of its 
walla, or for the growth or formation of kindred 
cells. Again, the cell tells of vicarious suffering — of 
plant cells suffering willingly to supply kindred 
plant colls ; of plant cells suffering unwillingly to 
supply animal cells in which they have no interest ; 
and of animal cells suffering willingly and unwillingly 
to supply other animals cells. And therefore we 
see that tho Bible story — that when men had gone 
over to the side of the Powers of Evil and were 
alienated from God, it was necessary in order to 
win men back to Iffe that the Son of God, taking 
man's form, should suffer aa a man for men — ia 
strictly in accordance with other parts of the life 
story. 
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129. We find that all through the Bible light is 
connected with God and God^s habitation; and a hot 
place, a furnace, or a lake of fire, is spoken of as the 
habitation prepared for the devil and those who side 
with him. Thus God is spoken of as covering Him- 
self with light as with a garment (Ps. civ. 2) ; 5,nd 
mention is made of Him as ^^ dwelling in the light 
which no man can approach unto'^ (1 Tim. vi. 16) ; 
also of a city which " had no need of the sun, neither 
of the moon, to shine in it : for the glory of God did 
lighten it, and the Lamb is the light thereof^' 
(Eev. xxi. 23). 

And on the other hand, the Bible speaks of a 
^^ lake burning with fire and brimstone : which is the 
second death '^ (Rev. xxi. 8) and of "an everlasting 
fire prepared for the devil and his angels^' (Matt. xxv. 
41 ) . It says that ^^ a day cometh which shall bum 
as an oven ; and all the proud and all that do wickedly 
shall be stubble : and the day that cometh shall burn 
them up ^^ (Mai. iv. 1). 

Also the Bible says, that '^the Son of Man shall 
send forth His angels, and they shall gather out ol 
His kingdom all things that offend, and them which 
do iniquity : and shall cast them into a furnace of 
fire : there shall be wailing and gnashing of teeth, 
llien shall the righteous shine forth as the sun in 
the kingdom of their Father ^^ (Matt. xiii. 41 — 43). 

130. The natural life alone has hitherto been re- 
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ferred to ; and no mention has been made, except in 
paragraph 128, of a higher life. But it is clear that 
the life of Him, by the operation of Whose will the 
natural life was originated and is sustained, must 
be something very different from the natural life 
itself — must be something far above our compre- 
hension. Though doubtless it is this higher life 
which is referred to in Genesis ii. 7, as having 
been breathed into the nostrils of the first man, and 
doubtless it is the loss of this higher life which 
constitutes the ^^ second death.^^ 
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Compounds, Chemical, are aggregations of gronps of particles^ 
2,98. 
4, „ the groups of can combine with the groups 

of other compounds, 118. 

Chemical, the particles in groups of, ai'e bound together 
by Compulsive Force, 4, 117. 

Chemical, the particles in, are closer together than 
uncombined particles^are, 116. 
Compulsive Force, 4. 

„ ,j introduces law and order, 6. 

„ „ is an expression of the power of God, 280. 

„ is slowly overcoming the resistance of Repulsive 
Force, 284. 

Force, tends to form particles into groups, groups into 
masses, masses into orbs, orbs into solar systems, 5^ 
Creation, the story of, as told by the particle and cell, 281. 
Crystallization, the luminous effects sometimes attending, how ex- 
plained, 123. 
Crystals, Cubic, their formation explained, 54. 

„ regular Octohedral, their formation explained, 67. 
„ Khombic Dodecahedral, their formation explained, 58. 
Currents of Electricity if confined to a narrow road develop Light 
and Heat, 169. 
„ of Electricity if given a wide road develop Force, 151, 

169. 
,, of Frictional Electricity, 150. 
„ of Galvanic „ 128. 

„ obtained from Magnets, 160. 
u ,f „ Selenium by Light, 165. 

„ Thermo-Electric, 163. 

DlFPEACTION, 201. 
Double Refraction, 199. 

Eab, the action of the, on the Brain explained, 267^ 
Earth, the surface of the, a Thermo-Electric Battery, 164. 
Electricity, Frictional, 141. 

„ Galvanic, 128. 
Electric-Light, the, 134, 170. 
Electrolysis, 135. 
Electro-Magnetism, 151. 
Emission Theory, the mistake of the, 10. 
Expansion of Water in freezing, explained, 33. 
Eye, the action of the, on the Brain explained, 252. 

„ the human, the adjustments of, 258. 
Eyes, Pictures produced in the Brain by the, 256. 

FssLEBS, the action of, on the Brain, 247. 
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Feelers, Pictures produced in the Brain by the, 249. 
Films of condensed air particles formed* about Electrified Bodies, 
148. 
» of condensed air particles formed about the poles of Maenets, 

157. 
,, of condensed air particles formed about surfaces of Solids, 
35, 261. 
Flowers are abnormal outgrowths of leaf and root cells, 228. 

„ the colour of diiferent parts of, 229. 
Fluorescence, 208. 

Force, two kinds of only, in the Universe, 5. 
„ Envelopes, definition of the term, 40. 
„ „ their form, 51« 

Frictional Electricity, 141. 

,> „ currents of, are similar to Galvanic Currents, 

151. 
Friction, a method of receiving Force, 79. 
is of two kinds, 79. 
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Gasbofs state, the, due to excess of B,epulsive Force, 31. 
Gases^ elementary, can be liquefied and solidified, 85. 

will not combine unless Compulsive Force ii 
applied to the mixture, 86. 

when combining emit Heat, 87. 
in motion transfer force to Solids or Liquids, 80. 
receive force from Solids or Liquids in motion, 79. 
Gravity a form of Compulsive Force, 1, 4. 
Group, an aggregation of particles, 2. 

Groups are formed by action of Compulsive Force on particles, 
5, 126. 
„ behave as single particles, 118. 
Group-forming tendency, the, in mixtures of Gases, 86. 

in Liquid mixtures, 89. 
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Heabt, the a<:tion of, due to Light and Heat, 241. 
Heat a form of Repulsive Force, 4, 6. 

is emitted from decomposing bodies, 174. 
„ when Gases combine, 87. 

„ when heated bodies are removed to a cool place, 
174. 
currents of Electricity produced by, 163. 
rays are reflected by Compulsive Force bonds, linking particles 
together, 180. 
„ travel by Repulsive Force struts, separating particles, 
180. 

the Double Refraction of, explained, 200. 
tlie Magnetization of, explained, 202. 
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Heat rays, the Polarization of, explained, 194. 
„ „ the Refraction of, explained, 199, 

„ „ the Undulatory Movement of, due to opposition of Com- 
pulsive Force, 9, 183. 
„ the sensation of, due to action of Repulsive Force impulses on 
the nerves, 8. 
Heating the negative plate sets up energetic action in a Galyanie 
pair (Faraday's Experiments), 131, 155. 

Impact, 73. 

„ a method of receiving force, 79. 
Induction coils, 166. 

Leteb, the mechanical principle of the, 178. 
Light, Currents of Electricity produced by, in Selenium, 165. 
,, the Electric, its nature, 170. 
„ „ is produced when Currents of Electricity ar» 

confined to a narrow road, 169. 
„ emitted from decomposing substances, 174. 
„ „ when Solids combine with Gases, 92. 

when strongly illuminated substances are removed tOi 
a dark place, 174. 
rays are reflected by Repulsive Force struts separating par- 
ticles, 179. 
„ rays travel by Compulsive Force bonds linking particles. 

together, 179. 
„ rays, the Diffraction of, explained, 201. 
„ „ the Double Refraction of, explained, 200. 
„ „ the Magnetization of, explained, 202. 
,, „ the Polarization of, explained, 184. 
„ „ the Refraction of, explained, 195. 
„ „ the Undulatory Movement of, due to the opposition of 

Repulsive Force, 9, 181. 
„ the sensation of, due to action of Compulsive Force impulses, 
on the retina, 8, 255. 
Limbs, the movements of, how effected, 235. 
Liquids formed by the combination of two Solids, 89. 
>j »» »» »» >, )} Uases, 00. 

„ in motion transfer force to Solids, 80. 
„ receive force from Solids in motion, 79. 
Liquid state, the. is intermediate between the Solid and the Gaseous, 31. 
Luminiferous Ether, a, not required, 10 
Luminosity of Olefiant Gas explained, 124. 

Magnetism, 151. 

Mnguetizatioti of Liprht and Heat rays, 202. 

Motion a method of transferring force, 79. 
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Motion is of two kinds, 71. 

Muscles, the action of, explained, 235. 

OzoiTE, the activity of, due to condensation, 115. 

Pabticles are connected by Compulsive Force with all other particles 
in whatever state contiguous to them, 38. 

,^ consist of central atoms in Force Envelopes, 40. 

„ of the same kind are all of the same weight, 12, 97. 

„ of different kinds differ in weight, 12. 

Plants, the Reproduction of, how effected, 228, 272. 
Platinum, heated, the action of, on Liquids and Gases, 127. 
Polarization of Light, 184. 

„ of Heat, 194. 
Prism, the scattering action of, on Light and Heat rays, 203. 

Red rays, their composition, 208. 

Refraction, 194. 

Reproduction in Animals, how effected, 273. 

,j Plants, how effected, 228, 272. 
Repulsion, Electrical, how explained, 148, 150. 

„ Magnetic, „ „ 157. 

Repulsive Force ; Centrifugal Force, Heat, and Positive Electricity, 
are different forms of, 6. 
Force opposes Compulsive Force, 6. 
„ is an expression of the will or power of the powers 
of Evil, 280. 
Force separates and scatters, 6. 
Rotation, 81. 
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ScEKT Pictures formed in the Brain, 269. 

Seeds are young plants formed by the conjugation of root and leaf cell 

masses, 229, 273. 
Sensation, the, of Heat is due to Repulsive Force, 8. 

„ „ of Light is due to Compulsive Force, 8, 266. 

Sight Pictures formed in the Brain by the Eye, 256. 
Smell, the sense of, 268. 

Solid state, the, is due to excess of Compulsive Force, 31. 
Solids, Elementary, can be liquefied and vaporized, 85. 
„ in motion transfer force to Gases, 79. 
„ receive force from Gases in motion, 80. 
„ when combining with Gases emit Light, 92. 
Sound Pictures formed in the Brain by the Eur, 268. 
Spectrum Analysis, 202. 

Struggle, a, between Compulsive and Repulsive Force constantly 
goes on, 6. 

the, bettveen Compulsive and Repulsive Force, renders 
Changes, Work, and Sensation possible, 7. 
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Suffering is the order of this Life, 285. 

Sulphur, Dioxide Clouds formed in, by Light, 103. 

Taste, the sense of, 268. 

Thermo-Electricity, 161. 

Thermo- Electric Currents, how developed, 163.. 

Touch Pictures formed in the Brain by the Feelers, 249. 

Tubers are the counterpart of the Seed, 229. 

Ultba R<>d rays, the, 205. 

„ Violet rays, the, 205. 
Undulatory movement of Heat rays due to opposition of Oompolsive 
Force, 9, 183. 
„ movement of Light rays due to- opposition of Repulsive^ 
Force, 9, 181. 

Violet rays, 206. 

Vortex rings, Professor Tait's, 33. 

Weight, definition of the term^ 97. 

Work, the power of doing, is due to the struggle between the Force& 
of Compulsion and Repulsion, 7. 

Yellow rays, 206.. 



THE END. 
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lilnstrations. Crown Svo, 4.;. 

Dick Cheveley : his Fortunes and Misfortunes. By W. H. G. 
Kingston. 350 pp., square i6mo, and za full-page lllustratioua. 
Cloth, gilt edges, 7j. 6d. j plainer tinding, plain edges, 5/, 



Dkk Sands, the Bay Captain. By Jdles Verne. Witli nearly 

100 Ulustritioiu, cloth, giit, ios.6,i,; plain hmding and plain edges, y. 
Don Quixote, Wit and Wisdom of. By Emma Thompson- 

Squaie fcap. Sro, 31. &/. 
Donnelly {F.) Atlantis in the Antediluvian World. Crown 

Svo, lis. bd. 
Dos Passos {y. R.) Lam of Stockbrokers and Slock Exchanges. 

Syo, 35J. 

P^GYFT. See "Senior," "De Leon," "Foreign Countries." 

Eight Cousins. See Alcott, 

Electric Lighting. A Comprehensive Treatise. By J. E. H. 

Gordon. 8vo, fully Ulastralcd. \_ln prefaratioit. 

Elementary History {An) of Art. Comprising Architecture, 

Sculpture, Painting, and llie Applied Arts. By N. D'Anvers. 

With a I'reface bjr I'mfessor Rogsr Smitk. New Edition, illustrated 

with upwards of 200 Wood Engravings. Crmvn Svo, stranyly bound 

in cloth, price lOr. &/. 
Elementary History (An) of Music. Edited by 0\vE;f J, 

DULLSA. IllustraleJ wllh Portiaits of the most eminent Cumposers, 

and Engravings of the Musical Instruments of many Nations. Crovrll 

Svo, doth, 2t. dd. 
Elinor Drydiit. By Mrs, Macquoid. Crown Svo, 6s. 
Embroidery (Handbook of). EtJited by Ladv Marian Alford, 

and published by authority of the Royal School uf Art Needlework. 

With 22 Coloured Plates, Designs, &c Crown Svo, $s. 
Emerson {R. W.) Life and Writings. Crown Svo, Zs. 6/f. 
English Catalogue of Books. Vol. III., 1872— 1880. Royal 

8vo, half.morocco, 421. 

Dramatists of To-day. By IV. Archer, M.A Crown 

Svo, Si. fid. 
English Philosophers. Edited by R E. Ivan MOller, M.A. 

A series intended to give a concise view of the wortis and lives of English 
thinkers. Crown Svo volumes of l3o or ioo pp., price 31. 6d. each, 
Francis Bacon, by Thomas Fowler. "John Stuart KUll, by Miss Helen 
Hamilton, by W. H. S. Monrlt. Taylor. 

Hartley and Jamsi MUl, by G.S. Shaftesbury and Hutcheson, by 
llovver I'rofessor Fowler. 

Adam Smith, by J. A. Farrer. 
• Nel fit puiliiM. 

Indian Chaplain, Crown Svo, 



List of Publications. 



of French History. Edited, with Notes, Maps, and 
Illoslrations, by Gustave Masson, B.A. Small 8va, 21. dd. each. 

1. Charlamapna and tlie CarlovinsIaiiB, 

2. LouiB XI. and the Crusades. 

3. Part I. Prancis I. and Charlaa V. 

,, !I. Fraucia I. and the KonaisBance. 

4. Henry rV. and tHe End of the Wars of Bclifflon. 

Erema; or. My Fathers Sin. ds. See Blackmore. 

Etcher (The). Containing 36 Examples of the Original 
Elched-wotk of Celebrated Artists, amongst others : Bjrket Fusteb, 
J. E. Hodgson, R.A., Colin Hunter, J. P. Heseltine, Robebt 
W. MACflETti, R. S. Chattock, &c. Vols, for 1881 nml 18B3, 
imperial 4to, cloth extra, gilt edges, 3.L lis. hd. each. 



n'ARM Ballads. By Will Cahletom. Boards, is.; clotb, 
■' gilt edges, II. &/. 

Farm Festivals. By the same Author. Unirorra with above. 
Famt Legends. By the same Author. See above. 
Fashion {History of). See " Challamel." 
Feehner {G. T.) On Life after Death. lamo, vellum, 2s. 6ri. 
Fdkin (X. IF.) and IVilson {Rev. C. T.) Uganda and the 

i^^ptian Soudan. An Account of Trnvel in Eastern and Equatorial 

Africa ; including a Residence of Two Years at the Court of King 

, Mtesa, and a Description of the Slave Districts of Bahr el-Ghaiel and 

Darfour. With a New Map of 1200 miles in these Provinces ; 

nerous IllHStralions, and Notes. By R. W. Felkin, F.R.G.S., 

, &c s and the Rev. C. T. WiLsoji, M.A. Oxou., FR.G.S. 

ols., crown 8vo, cloth, aSj. 

Fern Paradise {The) .- A Plea for the Culture of Ferns. By 
F. G. Heath. New Eililion, fully Illustrated, lorge post Svo, doth, 
gilt edges, X21. 6d. Sixth Edition. 

FcTTi IVorid {ne). By F. G. Heath. Illustrated by Twelve 
Coloured Plates, givinj; complete Figures (Sixty-lour in all) cf eveiy 
Species of Brilish Fern, printed from Nature ; by several fuU-ptgo 
and other Engravings. Cloth, gilt edges, 6lh Edition, laj. 6J, 

Fat' Hints on Proving WUls (A). Enlnrged Edition, \s. 

Fields {y. T.) Yesterdays with Authors. New Ed., 8vo., lbs. 
A 3 



First Steps in Conversational French Grammar. By F. Julien, 
Being an Inlroduetipn to "Petites Le9ons de Conversation et de 
Griuiiin;urc," by the some Autboi. Fcap. Svo, 123 pp., is. 

Jlorence. See "Yriarte," 

Flowers of Shakespeare. 32 beautifully Coloured Plates. 51. 

Four Lectures on Electric Induction. Delivered at the Royal 
Inslitntion, 1878-9. By J, E. H. GoEDON, B.A. Cantab. With 
numerous I J lustrations. Clotb limp, square l6mo, 3^. 

Foreign Countries and British Colonies. A series of Descriptive 
Handbooks. Each volume will be the work of a writer who has 
special acquaintance with the subject. Crown Svo, y, fjd. each. 



Australia, by J. F. Vesey Fi(2gerald. 

Austria, byD. Kay, F.R.G,S. 
•Canada, by W. Fraser Rae. 

Denmark and Iceland, by E. 
■ Otte, 

Ecypt, by S. Lane Poole, B.A. 

France, by Miss M. Roberts. 

Greece, by L. Sergeant, B.A. 
•Holland, by R. L. Poole. 



Peru, by Clements R, Markhiun, 

C,B. 
Russia, by W. R. MorTill, M. A. 
Spain, by Rev. Went worth Webalcr. 
Sweden and Noraay, by F. H. 

Woods. 
•Switieriand, by W. A. P. CooHdc 

M,A. 
•Turkey-in-Asin, by T. C. McCoan. 

M.P. 
West Indies, by C. H. Eden. 

r.R.G.S. 

Franc {Maud Jeanne). The following fomi one Series, small 

post 8vo, in. uniform cloth bindinfp, with gilt ed^es: — 
Emily's Cboice. Jt. 
Hail's Vineyard. 4^. 
John's Wife : A Slory of Life i.T 
South Australia. 41. 

, The LiEbt of Some 



•New Zealand, 
•Persia, by Majo 



-Gen. Sir F. Gold- 



One's Hon 
SUken Cords i 



n Fetter 



Vermont Vale. 



Min 



'sMis! 



Little Mercy, 5/. 
Beatrice Melton's Discipline. 4^, 
No Longer a. Child. 41-. 
Golden Gifts, li. 
4^. I Two Sides to Every Quoslion. jr. 



Froissart {The Boy's). Selected from the Chronicles of Eng- 
land, France, Spain, &c. By Sjdney Lanier. Tlie Volume is 
fully niusl rated, and uniform with " The Boy's King Arthur." Crown 
Svo, cloth, IS. 6rf. 

From Newfoundland to Afanitoba ; a Guide through Canada's, 

Maritime, Mining, and Prairie Provincci. By W. 'fkabbr RaBu 
Crown Svo, with stvcrj Maps, &r. 



Lis! of Pitbhcatiom. 



QAMES o/Fatima. 



See C ADO CAN. 
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Gentle Life (Queen Edition), a vols, in i, small 4to, 6s. 
THE GENTLE LIFE SERIES. 

Price 6j. each ; or in calf extra, price loj. dd. ; Smaller Edition, clolh 



About ill the IVbrld. Essays by Author of " The Gentle Life." 

Like unto Christ. A New Translation of Thomas a Kempis' 
" Dc Imilatione ChriBll." 

Familiar Words. An Index Verborum, or Quotation Hand- 
book. &r. 

Essays by Montaigne. Edited and Annotated by the Author 
of "TheGenileLife." 

77te Gentle Life, and Series. 

The Silent Hour: Essays, Original and Selected. By the 
Author of "Tile Gentle Life." 

Half-Length Eorlraits. Short Studies of Notable Persons. 
By J. Hain Fbiswell. 

Essays on English Writers, for the Self-improvement of 
StuJenL3 in Knjjlish Litciature. 

Other People's Windoivs. By J. Hain Friswelu 

A Maris Tlioughts, By J. Hain Friswelu 



GUder ( W. JI.) Sdiwatkas Search. Sledging in quest of the 

Franklin Records. Illustrated, Bvo, I2J. 6d. 

Gilpin's Forest Scenery. Edited by F. G. Heath. Lirge 
post Svo, with numerous IlIustta[ions. Uniform with "The Feiii 
World," re-issued, Is. 6d. 

Gordon (/ E. H.). See " Four Lectures on Electric Induc- 
tion," " Fhyaical Treatise on ElecltLcity," " Electric Lighting." 

Gouffe. The Royal Cookery Book. By Jules Gouff^ ; trans- 
lated and adapled for English use by Al.PliONsa GoUFFft, Head 
Pastrycook to her M^esly the Queen. Illustrated with Urge plates 
printed incolDarg. tol Woodcuts, Bvo, cloth extra, jjilt edgc^i 3/> 3/. 
' Domestic Edition, half-bound, iQs.6d. 

" By fir Ihe ablett and moil complele luark on coakiry that hu tvci been lub- 
■allied IS Ilia isHioaamicil woiliL"—i^ll UlaJI CtairU. 



Bach. 

^Beethoven. 
* Berlioz. 

English Chorch Com- 
posers. 



Schubert. 
^Schumann. 
Richard Wogner. 
Weber. 



12 Sampson Low^ Marsion^ S* G?*s 

Great Artists. Su " Biographies." 

Gnat Historic Galleries of England (T7ie). Edited by Lord 
Ronald GoWER, F.S.A., Trustee of the National Portrait Gallenr. 
Illustrated by 24 large and carefully executed p^man^n/ Photographs 
of some of the most celebrated Pictures by the Great Masters. VoL I. , 
imperial 4to, cloth extra, gilt edges, 36;. VoL 11., with 36 lai^e 
permanent photographs, 2/. I2x. 6d, 

Great Musicians. Edited by F. Hueffer. A Series of 

Biographies, crown 8vo, 3^. each : — 

•Handel. 

•Mendelssolm. 

•Mozart. 

PurcelL 

Rossini. 

• InprtpartUioH, 

Green (Ni) A Thousand Years Hence. Crown 8vo, 6j. 
Grohmann (fV. A. B.) Camps in the Rockies. 8vo, \2S. 61L 
Guizofs History of France. Translated by Robert Black. 

Super-royal 8vo, very numerous Full-page and other Illustrations. In 
8 vols., cloth extra, gilt, each 241. This work is re-issued in cheaper 
binding, 8 vols., at lor. 6d. each. 

" It supplies a want which has long been felt, and ought to be in the hands of all 
•tudents of history." — Times. 

Masson^s School Edition. The 

History of France from the Earliest Times to the Outbreak of the 
Revolution; abridged from the Translation by Robert Black, M. A., 
with Chronological Index, Historical and Genealogical Tables, &c. 
By Professor Gustave Masson, B.A., Assistant Master at Harrow 
School. With 24 full-page Portraits, and many other Illustrations. 
I vol., demy 8vo, 600 pp., cloth extra, ioj. 6ii. 

Guizofs History of England. In 3 vols, of about 500 pp. each, 

containing 60 to 70 Full-page and other Illustrations, cloth extra, gilt, 
24J each ; re-issue in cheaper binding, los. 6d. each. 

*' For lux^iry of ivpography, plainness of print, and beauty of illustration^ these 
volumes, of which but one has as yet appeared in English, will hold their own 
against any production of an age so luxurious as our own in everyihing, typography 
not excepted." — Times. 

Guyon {Mde.) Life. By Upham. 6th Edition, crown 8vo, 6j, 



TJANDBOOK to the Charities of London. See Low's. 

Hall ( JV. IV.) How to Live Long ; or^ 1408 Health Maxims^ 
Physical, Mental, and Moral. By \V. W. Hall, A.M., M.D. 
Small post 8vo, cloth, 2s. 2nd Edition. 



••. 



Harpet's Monthly Magazine. Published Monthly, 
fully Illustrated. Ii. 

Vol. I. December, iSSo, to May, l88r. 
,, ir. May, 1881, m November, 1881. 
„ III. June to November, i88i. 
f^uper-ioyal Svo. 8j. 61/. each. 
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" Ad uuuiat shiUiii|Swaith . . . cDDibiniogdiiHceliuratunof bolbDaliods."— 

IlattOH {J^osfpk) Journalistic London : Portraits and En- 
Eraviiiss with Ictterprcis, of DislinguislieJ Writers of llie Day. Fcap. 
4to, lir. &/. 

: — Three Recruits, and tlie Girls they left behind them. 

Small post, Svo, 61'. 

" It huirid iH aXaaf m unflBEsins etdiement."— TYinn. 

I/eart of A Jr lea. Three Years' Travels and Adventures in tlic 

Unexplored R^oiis of Central Africa, from i863 to 1S71. By Dr. 

(JEORG SCHWEINFUKTH. Numerous Illustration?, and large Map. 

I vols., crown Svo, cloth, \^t. 
Heath {Francis George). See "Autumnal Leaves," "Burnham 

Beeches," "Fern I'lradisc," "Fern World," "Gilpin's Forest 

Scetiiry," "Our Wooilland Trees," " I'easanl Life," "Sylvan Spring," 

" Trees ind Ferns," " Where to Find Ferns." 
Ileber's {Bisliop) Illustrated Edition 0/ Hymns. With upwartla 

of 100 bcautilul Engravings. Small 4to, handsomely bound, is. 6t'. 

Morocco, iSi. dd. end 2IJ. New and Cheaper Edition, cloth, ji. dd. 
lleir of Kilfimtan (The). By W. H. G. Kingston. Wi:!i 

Illuslialions. Cloth, gilt edges, ■}!. td. ; plainer biodinc, plain 

edyes, S*. 

Ileldmann {Bernard) Mutiny en Board the Ship " Leander.'' 

Small post Svo, gilt edges, numerous Illustrations, 71. dd. 
Ilenty {G. A.) Winning his Spurs. Numerous Illustrations. 

Crown Svo, Jr. 

Comet of Horse ; which sec. 

Herrick {Robert) Poetry. Preface by Austin Dobson. Willi 

numerous Illustrations, by £. A. Abbey. 4to, gilt edges, 42/. 
History of a Crime {The) ; Deposition of an Eye-wiiness. The 

Story of the Coup d'Etat, By Victor Hugo. Crown Svo, 6r. 



b. 



History of Ancient A)i. Translated from the German o( John 

WlNCKELMANN, by JOHN LoDGE, M.D, Wllh TeQT numcririus 
Pialea and Illuslrations. 3. vols., Svo, 361. 

England. Set GuizoT. 

ILnglish Literature. See Scherr. 

Fashion. Coloured Plates. aSt. See Challamel. 

Franct. 5rtGoizoT. 

■ Russia. See Rambaud. 

Merchant Shipping. See Lindsay. 

United States. &« Bryant. 

History and Principles of Weaving by Hand and by Poiver. With 

Eeveml hundred Illusi rat ions. Dy ALrKKD Baklow. Royal Svo^ 

cloth entro, 1/. ^s. Second Edition. 
Hitchman {Francis) Public Life of the Might Hon. Penfamin 

Disraeli, Eail of UeacoLi.- field. New Edition, with Portrait. Ciowa 

8vo, y. 6d. 
Holmes {0. IF.) Tlie Poetical Works of Oliver WendtU Holmes. 

In 3 vols., iSmo, exquisitely prititctl, and chastely bound in limp 

cloth, gill tops, lor. &/. 

Hoppus {J. D.) Riverside Papers. 2 vols., \is. 
Hovgaard {A.') See " Nordenskidld's Voyage." 8vo, 21^. 
How I Crossed Africa : from the Atlantic tn the Indian Ocean, 

Through Unknown Countries ; Discovery of the Great Zajnbtsi 

Affluents, &c-VoL I.. The King's Rifla Vol. II.. The Coillard 

Family. By Major Serta Pinto. With 34 fuil-|jage and iiShnir. 

page and smaller Illustialions, 13 small Mups, and I lar^e one. 

a vols., demy Evo, cloth extra, 42/. 
How to get Strong and how to Stay so. By William Blaikie, 

A Manual of Rational, Physical, Gymnastic, and other Exerdtcs. 

With Illustrations, small post Svo, $s. 
Hugo {Victor) "Ninety-Three:' Illustrated. Crown Svo, 6j. 
■ Toilers of the Sea. Crown Svo. Illustrated, 6j. ; &ncy 

boards, ar. ; cloth, 21. dd. ; on large jiaper with all the original 
lUuttrations, im. (xt. 

- and his Times. Translated from the French of A. 
BARBOy by Ellen E. Frkwzr. 120 Illustrations, many of ihem 
from desifini by Victor Hogo himself. Super-royal Svo, doth extra, 
84/. 

■■ Se$ "Hialory of a Ciime." 



Hundred Greatest Men {77ie). 8 portfolios, aij, each, or 4 
vols., half-morocco, gilt edges, 13 guineas, containing 15 to 20 
Portraits each. See below. 

"MEun. SAUnsOK Low K Co. sre aliout Is Iraue an mpsrctnt ' Inlemalionar 
work, enlil led, 'THE HUNDRED GREATEST MEN;' being ihe Li.oand 
"■■■'■ - itio™, divided into EiKhtCfaiica, each Ctass 



Jtm a MonlhlyQiiarlo Voli ._ 

.ten bi recognuod authotitiei nn tht difft . , 

ig Dean Stanley, Mr. Matthew Abnold, Mr. Froude, 



Fraoct, MM. Tainh and 

Renan : and in Amaia, Mc. EwEnsnit. Tlie Foniaiu ire la be Reproductions 
fram line and rare Steel Engravbga."— .^rorfrmj'. 

Hy^ne and Publk Health {A Treatise on). Edited by A. H. 

Buck, M.D. Illustrated by numerous Wood Engravings. In 2 
royal 8vo vols., doth. One guinea each. 

Hymnal Companioit to Book of Common Prayer. See 

ElCKRKSTETir. 



Edited by 

Edward J. Poynter, R.A. Each Volume contains numerous Illus- 
trations, and is strongly bonnd for the use of Students, price 5j. The 
Volumes now ready are : — 

Cl&Baic and Italian. By Percy j French and SpanSeh. 

R. Head. j Bngllsh. Eind American, 

airman, flemish, and Dutch. | 

AKCHITECTURE. 

Classic and Early Christian. 

Gothio and Renaiaaance. By T. Roger Smitr. 



Decoration In Colour. | Architectural Ornament. 

Illustrated Dictionary {An) of Words used in Art and 

Archseology. Explaining Terms frequently used in Works an 
Architecture, Anns, Bronies, Christian Art, Colour, Costume, Deco- 
ration, Devices, Emblems, Heraldry, Lace, Personal Ornaments, 
Pottery, Painting, Sculpture, &c, with their Derivations. By J. W. 
MOLLBTT, B.A., Oilicierdel'Instruction Publique (Fiance)j Author 
of " Life of Rembrandt," &c. Illustrated with 600 Wood Engravings. 
Small 4to, strongly bound in cloth, 15J. 

In my Indian Garden. By Phil Robinson, Author of " Under 
the Punltah." With a Preface by Edwin ARNOLD, M. A., CS.I., &*• 
Crown 8vo, limp doth, ^th Edition, y. dd. 



Ining ( IVaskinglart), Complete Library Edition of his Works 

in >7 Vols., Copyiighi, Unabridged, and wilb the Author's Latest 
Revisions, ctlled the " Geoffrey Ciajon " Edilioo, handsomely prinieil 
in tar^ square Sto, on superfine laid paper, and each voluioe^ ol 
ahoul 500 pages, irill tie (uUjr lllustiated. izr. 61^. pel voL See alio 
" Lime Brilain." 

■ ("American Men of Letters.") ss, (tS. 



AMES (C.) Curiosiliei of Law and Lawyers. Svo, 



THAMES 



'J^olmson (O.) WilUam Lloyd Garrison and his Times. Crown 
8va, 121. &/. 



a) Daily Text-Book. Square i6mo, 
IS a Birthday Book, jr. td. 

Kingston (fV. H. G.). See " Snow- Shoes," ''Child of the 

Cavern," "Two Snpercareoes," "With Axe and Rifle," "Efgum's 
Fortune," " Heir of Kilfinnan," " Dick Chevcley." Each vol., «-ith 
very numerous Illustrations, square crown l6mo, gilt edges, Jj.6i/.i 
plainer binding, plain edges, 51. 



T ADV Silverdalis 



Sweetheart, ds. See Black. 



Lanier. See " Boy's Froissart," 
LajisdeU (S) Through Siberia. 



L Lee. 

I Ley 



" King Arthur," 5:c. 
z vols., demy Svo, 301 ; New 

s,8vo, 151. 

Larden (IV) School Conrse en Heal. Illustrated, crown Svo, sr. 

Lathrop (G. P.) In the Distanee. a vols., crown 8vo, 21s. 

Lectures on Architecture. By E. Viollet-le -Due. Translated 
hy Benjamin Bucknall, Archiiecl. Wiih 33 Steel Plates and 20Q 
Wood Engravings. Super-royal Svo, leather back, gilt top, with 
complete Index, 2 vols , 3/. 3^. 

Ley/and (R. ]V.) A Holiday in SoiilU Africa. Crown Svo 



List of Publications. 



Library of Rtli^ous Poetry. A Collection of the Best Poems 
of S.1I Ages and Tongues. Ediled by Philip Schaff, D.D,, LL.D., 
and Arihub Gclman, M.A. Ropl Svo, 1036 pp., clolh extra, git 
edges, 21^. ; re-issue in cheaper binding, \as. 6if. 

Lindsay (IV. S.) History of Merchant Shipping and Ancient 
Commerce. Over Ijo Illustrations, Maps, and Charts. In 4 vols., 
dcm; gvo, clotb exlia. Vols. I and z, i\s. ; vols. 3 and 4, 14;, each. 
4 vols, complete for 501. 

Little Brilaifi; together with The Spectre Bridegroom, z.^A. A 
Legend of Sleepy Hollow. By Washington Irving. An entirely 
New Edilioit dc luxi, specially suitable for Presentation. Illustralcd 
by izo very fine Engrarings on Wood, by Mr. J, D. Cuoi'kk. 
Designed by Mr. Charles O. MubraV. Ke-issue, square cio«n 
Svo, cloth, 6;. 

Long {Mrs. IV. H. C.) Peace and War in the Transvaal. 
iimo, 3T. 6./. 

Lorna Doone. (>s., %\s. dd., 35J. See " Blackraore." 

Low's Select Novelets. Small post Svo, cloth extra, 3J. di/. 

Friends: a Dnot. By E. S. PnELrs, Author of "The Gales 

Ajar." 
Baby Sne : Her Adventures and UiBBdventuiea, her Frienda 

and her Enemies. By Chaeles M. Clay, 
The Story or Helen Troy. 

The Clienta of Dt, BeniBgius. From the French of LuciEN 

BiAET, by Mrs. Cashel IIoey. 
The UndiHCovered Country. By \V. D. Howells. 
A Oentleman of XeUuTB. By Edgar Fawcett. 
Low's Standard Library of Travel and Adventure. Crown Svo, 

bound uniformly in cloth cstra, piice 71. 6(/., except ■a'here price is 

Eiveu. 

1, The Great Lone Land. By Major W. F, Ei;TLeh, C.R. 

a. The WUd North Land, liy Major W. F. BUTLEK, C.B. 

3. How 1 found LlvlnsBtone. liy H. M, StakleY, 

4. Through the Dark Continent. By H. M. Stanley. 121. Cv/. 
S- The Threshold of the Unknown BeKlon, By C. K. MAIiil- 

HAM, (4th Edition, ivilh Additional Chapters, loj. W.) 

6. Cruiae of the ChaUenger. By W. J. J. Sfrv, K.N. 

7. Burnaby's On Horaebaok throush Asia Slinor. loi. d.l. 

8. Schweinfurth's Heajrt of Africa, a vols., 15J, 

9. Uarahaira Throug-h America, 
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nd"! standard Novth. Crown Svo, 6j, each, clotli extra. 

Work. A Slory of Experience. Bj' LOL'ISA M. AlcoTT. 

A Daughter of Heth. By W, Bl.ACK. 

In Silk Attire. By W. Black. 

Kilmany. A NoveL By W. Black. 

Lady Silverdale'B Swsetheart. By W. Black. 

Sunrise, By \V. Black. 

Threa Feathers. By WILLIAM ElACK. 

Alice Lorraine. By R. D. Blackmore. 

ChriBtowell, a Dartmoor Tale, By R. D. Blackmore. 

Clara VauRhan. By R. D. Blackmore. 

Cradock Nowell. By R. D. Clackmoee. 

OrippB the Carrier. By R. D. Blackmoee. 

Erema; or, Uy Father's Sin. By R. D. Black.mors, 

Lorca Doone. By R. D. Blackmore. 

Mary Anerley. Hy R. D. Blackmohe. 

An English Squire. By Miss COLEEIDOE. 

Hiatrass Judith. A Cambridgeshire Story. By C. C Fraser. 

A Story of the Dragonnades ; or, Asylum Chrlsti. By the Rev. 

E. GILLIAT, M.A. 
A Laodicaan. By Thomas Habdy. 
Far from tta Madding Crowd. By TriOMAS HARDY. 
The Hand of Ethelberta. By THOMAS Hardy, 
Tha Trumpet Major. By Thomas Hardy. 
Throe Recruits. By Joseph Hatton. 
A Golden Sorrow. By Mrs. Casiiel Hoev. New Edition. 
Oat of Court. By Mrs, C.isHEl. HoEY. 

History of a Crime : The Story of Ihe Coiipd'Etat. Victor Hl-go 
Ninoty-Ttrec. By Victor Hugo. Illustrated. 
Adela Cathcart. By GEORGE Mac Donald, 
QuUd Court. By Geoege Mac Donald. 
Mary Marston. By GeoeGe Mac DONALn. 
Stephen Aroher. New Edition of "Gifis." By George Mac 

Don ALII. 
Tha Tioar'B Daughter, By Georce Mac Donald. 
Weighed and WantiiiK- By George Mac Donalp. 

[/h tkt Prtu. 
Diane. By Mrs. Macquoid. 
Elinor Dry dan. By Mrs, MaCQOOID. 
Mf tiAdr OrstailasT**. By Heleh MATHNfe 



Libmry of Religious Poetry. A Collection of the Best Poems 
of all Ages and Tongues. Ediied by Philip Schaff, D.D., LL.D., 
and Arthur Oilman, M.A. Koyal Svo, 1036 pp., cloth exlra, g'lt 
edges, 21j.; re-issue in cheaiier binding, lar. &/. 

Lindsay (JV. S.) History of Merchant Shipping and Atuient 

Commerce. Over 150 Illustrations, Maps, and Charts. In 4 vols., 
demy Svo, clolh extra. Vols. 1 and 2, I U. ; vols. 3 and 4, I4J, each. 
4 vols, complete for 50J. 
Littlt Britain; together with The Spectre Bridegroom, and A 
Legend of Sleepy Hollow. By Washingtos Irving. An entirely 
New Eililwn ae liure, spccinlly suitable for Presentation. Illustralcd 
by l?o very fine EngraWngs on Wood, by Mr. J. D. Cuoptn. 
I>esigned by Mr. CHAB.LE5 O. MouiAY. Ke-is^ue, square croviii 
Svo, cloth, tit 

Long {Mrs. IV. H. C.) Peace and War in the Transjaal. 

timo, 3 J. 6./. 

Lorna Doone. 6j., 31J. bd., 351. See " Blackmore." 
Low's Select N'oz-elets. Small post Svo, cloth extra, 3J. Cd. 
Friends ! a Duct. By E. S. Pltl^LTS, Author of "The Gates 
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Sab7 Kao : Her Adventures and Ulsadvecturea, ter Frlenda 

and her Enemies. By CHARLES M. Clay. 
The Story of Helen ~ 



— Inlh. 



: French of Lucit> 



The Clients of Dr, BsmaffluB. 
BiART, by Mrs. Cashel IIoey. 
The TTniliaooVBred Country. By W. D. IIowells. 
A Gentleman of Leisnre. By Edgar Fawcett. 

Lore's Standard Library of Travel and Jdveiiture. Cromi Svo, 
bound uniformly in clotli extra, price "]!. (ni., except where price U 

1. The Great Lone Land. By Major W. F. BuTLER, C.B. 

2. The Wild North Land. By Major W. F. Butler, CB. 

3. How I found LivingBtone. By H. M. STANLEY. 

4. Through the Dark Continent. By H. M. STANLEY. I2i. 6,/. 

5. The Threshold of the Unknown Beglon. By C. R, Mafik- 

itAM. (4th Edition. Willi Adtlilional Chapters, loj. &/.) 

6. Cruise of the ChaUen^r. By W. J. J. SpRY, R.N. 

7. Bumaby's On Horseback through Asia Ulnor. loj. OV. 

8. Sohweinnjrth's Heart of Africa, 3 vols., 151, 

9. Marahall's Through America. 



Markham {C. R) War helwesn Peru and Chili, 1879-1881. 

Crown Svo, wilh four Maps, &C. ^Ja prtparatiim. 



Martin {^. IV.) Float Fishing and Spinning in the Nuttingham 
Style. Crown 8vo, 31, (hL 

Marvin (Charles) The Russian Advance towards India. 
8vo, i5i. 

Maury {Commander) Physical Geography of the Sea, and its 
Meteorology. Ijeing n KrcotiiitructiDn and Knlai^ement of his forniLf 
Work, with Charts and Diagrams. New Edition, crown 8vo, di. 

Memoirs of Madame de Rimiisat, 1802— iSoS. By her Grand- 

Bon. M. PAt;L DE RemUsAT, Senator. Tianslated iiy Jlra. Cashrl 
HoEY and Mr. John Lillie. 4th Edition, cloth extra. This 
work was written by Madame de Remnsat during the lime she 
was living on the most intimate terms with the Empress Josephine, 
and is full of revelations respecting the private life of Bonaparte, Biid 
of men and politics of the first years of the century. Kevelalioiia 
which have already created a great sensation in Paris. Svo, 2 vols., 32^. 

. See also " Selection." 

Minus (366, one for each day of the year). Eacli M^nu is given 

in French and English, with the recipe for making every di^li 
mentioned. Translated from the French of CotJNT Bbissb, ly Mrs. 
MiTrHEvv Clarke. Crown Svo, y. 

Men of Mark: a Gallery of Contemporary Portraits of the most 
Eminent Men of the Day taken from Life, especially for this publica- 
tion, price II. dd. monthly. Vols. I. to VII., handsomely bounJ, 
dolh, gilt edges, 25/. each. 

Mendelssohn Family {The), 1729— 1847. From Letters and 
Journals. Translated from the Germaa of Sebastian IIsnslu 
3rd Edition, 2 vols., demy Svo, 3ar. 

Micltael Strogoff. See Verne. 

Mitford (Miss). See " Our Village. " 

Modern Etchings of Celebrated Paintings. 4(0, 31J. 6d. 

Moilett {y. \V.) Illustrated Dictionary of Words used in Art 

and Archaeology. Small .}Io, 15^ 
Merley (H.) English Literature in the Reign of Victoria. Tlic 

zobolh volume of the Taucbniti Collection of Authors. iSmo, 21. 6/. 
Music, See "Great Musicians," 



ATARRATIVES of State Trials in the Nineteenth Century, 
■* * First Period : From the Union with Ireland to the Death of 
George 1 V., iSoi— 1830, B;? G, Latiiom Bbowhe, of the Middle Temple, 
Bamster-at'Law. 2nd Edition, 2 vols., crown 8vo, doth, zds. 

Nature and Functions of Art {Tlte) ; and more especially of 
Architecture. By Leopold Eidlitz. Medium Svo, duth, 2U. 

Naval Brigade in South Africa (The). By Hknrv F. Nor- 
BOBY, C.B., R.N. Crown %ia, cloth extra, lor. 6d. 

New Chilis Flay {A). Sixteen Drawings by E. V. B. Beauti- 
fully printed in colours, 4I0, cloth extra, IW. 6d. 

Nhifoiindland. By Fraser R.\e. See "From Newfound- 

laad." 

New Noi'fls. Crown Svo, cloth, \os. 6d. per vol, ;— 

Tha OrauviUea. By the lion. E. Talbot. 3 vols. 
One of Ua. By E, kANDOUni. 

Weiehed and Wanting-. By Geqrgb Mac Donald. 3 vols. 
Castle Warlock. By Georgr Mac Donald: 3 vols. 
Under the Downs. Hy E. GiLLIAT. 3 vols. 
A Strang-er In a Strange Land. By Lady Clay. 3 vols. 
ThoHeart of Brin. By Miss OwENS BLACKBURN. 3 vols. 
A Chelsea Householder. 3 vols. 
Two on a Tower. By Thomas Hardy. 3 vols. 
Tbo Lady Maud. By W. Clark Rus.sell. 3 volq. 
Nice and Her Neighbours. By the Rev. Canon Hole, Authrr 
of " A Book about Roses," "A Little Tour in Ireland," i:c Small 
IS choice IBostiTLtians, 12.1. 6d. 



Noble Words and Noble Deeds. From the French of E. Muller. 

Containing many Full-page IBustralions by PHILIPFOTKAUX. Square 
imperial llimo, cloth extra, 7^. 6ii. ; phiner binding, plain eilges, jj. 
NordetiskioliCs Voyage around Asia and Europe. A Fopukr 

Account of the North-East TassaEC of the " Vega." By Lient. A. 

HovGAARD, of the Royal Danish Navy, and member of the "Vega" 

Eipedilion. Svo, with about 50 lUuilrations and 3 Maps, 2li. 
Nordhoff {C.) California, for Health, Pleasure, and Sesidetice. 

New Edition, Svo, with Maps and Illustrations, tjj. 6cf. 
Nothing to Wear ; and Two Millions. By W. A. BuTLEU. 

New Edition. Small post Svo, in stiff coloured wrapper, \s. 

Nursery Playmates {Prince of ). 217 Coloured Pictures for 
Children by eminent Artists. Folio, in coloured bonrds, ds. 



I Chililrci 
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r\FFto the Wilds: A Story for Bays. By G. Manvuxjh 
'-' ¥ehh. Profusely Illustrated. Crown 8vo, Js. fiJ. 
Old'Faihioned Girl. Ste Axcott. 
On Horseback through Asia Minor. By CapL Fred Burmaby. 

2 vols., 8vo, 3Sj. Chenpci Edilioo, crown Svo, Itu ' ' 
Our Little Ones in Heaven. Edited by tlie Rev. H. Robbins. 

With Frontispiece after Sir Joshua Revkolds. Fcap., ciolh extra. 

New Edition^lhe 3n3, with. JIlnstnttioDB, Ji. 

Our Village. By Mary Russeli, Mitford. Illustrated with 

Frontispiece Steel Engraving, and ^^ (uU-page and 157 smaller Cuti 
Crown 4I0, cloth, gil' edges, 2!/.; ctieapcr binding, " 
Our Woodland Trees. By F. G. Heath. Large post Svo, 
dotli, gilt edgeSt uniform with "Fern World " and " Fetn Paradise," 
by tlie same Author. 8 Coloured Plates {showing leaves of K\a\ 
British Tree) and zo Woodcuts, cloth, gilt edges, izj. bd. New 
Edition. About 600 pages. 

Outlines of Ornament in all Styles. A Work of Reference for 

the Architect, Art Manufacturer, Decorative Artist, and Practical 
Painter. By W. and G. A. AuDSLtv, Fellows of the Royal lostilale 
of British Archilccls. Only a limited number have l>een printed ami 
the stones destioyed. Small folio, 60 plates, with introductory 
dolh gilt, 31/. W. 

pALLISER {Mrs.) A History of Laee, from the EarlUa 

' Period. A New and Revised Edilion, with additional cuts and tex^ 

upwards of 100 IllusIrstioDS mid coloured Designs. ivoL.Svo, l/. tt,, 

Historic Devices, Badges, and War Cries. Svo, i/. \s, 

The China Collector's Pocket Companion. With up- 
wards of tooo Illustrations of Marks and Moni^ams. 2ad EtlUiJn, 
with AdditioQS. Small post Svo, limp cloth, y. 

Pathways of Palestine : a Descriptive Tour through the Hvly 
Land. By the Kev. Cason Tristram, niuslraled with 44 per*, 
mancnt Photographs. (Tlie Photographs are Urge, and most perfed 
Specimens of the Art.) Vols. I. and II., folio, gilt edges, 31/. (td. 

Feasant Life in the West of England. By Francis Georcb 
Heath, Author of "Sylvan Spring," "The Fern World." Crtywn 
Svo, 40a pp, (with Facumlle of Autograph Letter from Loi4 
BeaconsRetd to the Author, written December 28, iSSo), ' ' 

Petiles Lemons de Conversation et de Grammatre :_ Oral an^ 
Conver^aiional Method ; the most Useful Topic* of 
By F. i ULiEN. Cioth, y. M. 



Photography [History and Handbook of). See Tissandier. 

Physical Treatise on Electricity and Magnetism. By J. E, H. 
Gordon, RA. With about 200 coloured, fuU.pagc, and other 
1 1 lustrations, a vols., 8vo, New Edition. [In frefiaralioa. 

Poems of the Inner Life. Chiefly from Modern Author?. 
Small Svo, 51. 

Poganiic People.' their Loves and Lives. By Mrs. Beecher 

StoWe. Crown Svo, doth, 6r, 



Paynter {Edward/., P.A.). See " Illustrated Text-books." 



Publisher^ Circular {The), and General Record of British and 
Foreign Literature. Publishedontheist and i5lh of every Month, yi 

Pyrenees {The). By Henry Blackburn, With 100 Illustra- 
tions by GusTAVE DoRi, corrected to iSSi. Crown Svo, 7^ dd. 



J^AE (F.) Newfoundland. See " Frora." 

Redford ((?.) Ancient Sculpture. Crown Svo, 5^. 

Reid{T. W.) Land of the Pcy. Post 8vo, \as.(,d. 

Remusat {Madame dc). See " Memoirs of," " Selection" 

Richter {Jean Paul). The Literary Works of Leonardo da 
Vlnd. Containing his WritinES on I'aiiiting, Sculpture, and Archi- 
tecture, his Philosophical Maxims, Humorous WritiHES, and Miscet- 
Inneans Notes on TeTsonal Events, on his Contemporaries, on Litera- 
ture, &c. ; for the first time published from Autograph MBDoscripis. 
Bj J. P. RiCRTKR, Ph.Dr,, Hon. Member of the Koyal and Imperial 
Academy of Rome, &c 2 vols., imperial Svo, containing about zoa 
Drawings in Autotype Reproductions, and numerous nlhei Illustrations. 
Price Eight Guineas to Subscribers, Alter publication the price will 
be Twelve Guineas. 

Italian Art in the National Gallery. 4to. 

{Nearly ready. 

Robinson {Pint). &e " In ray Indian Garden," " Under the 

Punliali," "Noah's Arlt," " Sinners and Sainla." 

Rose {y.) Complete Practical Machinist. New Edition, umo, 
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■t Low, Marstott, &• Co.'s 



Rose Library (T/u). Popular Literature of a]l Countries. Each 
volume, IS. ; clulh, 2J. M. Many of the Vol a mes are Illustrated — 
I. Little Women. By Louisa M. Alcott. 
Z. Uttl a Women Wedded. Forming ii Sequel lo " Lillle Women. " 

3. Little Men. By L. M. Alcott. Dblc. vol., zi. ; cloth gilt, 51. 6rf. 

4. An Old-Fashloned Qirl. By Louisa M. Alcott. DouIiU 

vol., 2J-, ; clolh, 31. 61/. 

5. Work. A Story of Experience. Hy L. M. Alcott, 

6. Beginning' Again. Sequel to " Work." By L. M. Alcott. 

7. BtowB (BTrH. H. B.) Tba Pearl of Orr's iBland. 

8. The MiniHter'e Wooing. 

9. We and our Neigbboum. Double vol., W. ; clolh, 31. 6i, 

10. My Wife and I. Double vol., 2S. ; cloth, gjit Jr. 6d. 

1 1. Hans Brinlter ; or, the Silver Skates. By Mrs. Douce. 
II. My Study Windowa. By J. R. LowELl.. 

13. The Ouardian Angel. By Olivek WliNDEI.L HOLMKS, 

14. My Summer in a Qardon. By C. D. WARNER, 

15. Died. Mrs. Beecher Stowe. Dble. »o1., 21.; doth gilt, w.M 

16. FarmBalladH. By WlLL CaRLETuN-. 

17. Farm Festivals. By WlLL CarlETON, 

18. Farm Legends. By Will Carleto.s. 
ig, 2a. The Clients of Dr. BemaKlus. 2 parts, ij. each. 

21. The Undiscovered Country. By W. 11. Howells. 

22. Baby Rub. By C. M. CLAY. 

Round the Yule Log: Norwegian Folk and Fairy Tales,- 
Translated from the Norwegian of P. Chr. Asbjornsen. With lOO 
lUustrations after drawings by Norwegian Artists, and an IntroductiM) 
by E. W. Gosse. Imperial l6mo, cloth eitra, gilt edges, 71. firf. 

Rousselet (Louis) Son of l/ie Constable of France, Small post 
8vo, numerous Illuslralions, %s. 

■ The Drummer Boy : a Story of the Days of WashingioH. 

Small post 8vo, numerous Illustrations, 5r. 

Russell ( W. Clark) The Lady Maud. 3 vols., crown 
3U. 6rf. 

See also Low's Standard Novels and Wreck. 

Russell{\V. H., LL.D.) Hesperothen: Notes from the IVesUnt 
World. A Record of a Ramble through part of the United Stales,' 
Canada, and the Par West, in the Spring and Summer of 18S1. "- 
W. H. Russell, LL,D. 2 vols., croum Svo, doth, 241. 

The Tour of the Prime of Wales in India. IW 

W. II. Russell. LL.D. Fully Illuslraled by Sydney V. Hall, 
M.A. Super-royal 8vo, cloth estra, gilt edges, 52J, 6i/.j L^gf 
Paper Edition, 84J, 

Russian Literature. See "Turner."' 
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CA/JVTS and their Symbols : A Compar, 

*^ and I'iclure Galleries of Europe. With lllus 
clolh eilra, 31. 61/. 

Schirr {Prof, y.) Ilhtory of English Literaltire. Translated 
from the German. Crown 8vo, 8j. 61/. 

Schuyler {Eugene). The Life of Peter the Great. By EugEse 
Schuyler, Auihor of ■* Tutkesun." 2 vols., demy Svo. 

[/n prefaralimt. 

Scott {Leader) Rtfiaiisance of Art in Italy. 4to, 31J. dd. 

Selection from the Letters of Madame de Remusat to her Husband 
and Hon, from 1S04 to 1813. From the French, by Mrs. CasiieL 
HoEV and Mr. John Lillib. In i voK, demy Svo (nniforai with 
Ihe " Memoirs of Madame de Remusat," I vols.), doth extra, ids. 

Senior {Nassau IV.) Conversations and journals in Egypt and 

Malta. 3 vols., Svo, 241. 
These volumes coniain conversaliona with Said Pasha, Achim Bry, 

Hekekyan BeV. the Patriarch, M. De Lesseps, M. St. HaAlup-. 

Sir F BEDS RICK Bruce, Sir Adrian Dikclj, and many other remark- 
able people. 
Sconce : Sporting in the Sutpura Range of Central India, and in 

the Valley of the Nerbudda. Hy R. A- Stekndale, F.R.U.S. 810, 

vith [lumerous Illustrations, zii. 
Shadbolt (S.) The Afghan Campaigns of 1S78— 1880. By 

Sydney Shadbolt, Joint Author of " Tlie South African Campaign 

of 1879." a vols., royal quarto, cloth extra, 3/. 3J. 
Shooting: its Appliances, Practice, and Purpose. By James 

DALZtEL DouoALL, F.S.A., F.Z.A., Author of "Scottish Field 

Sports," &C. New Edition, revised with additions. Cruivu Svo, 

cloth extra, jt. td. 
"Thr book iiadniirablein nery way. .... Wewiih ii tvery nicccM "—Chit. 

shooiing'y— JJfli^ Nni. ' ' " ' ' " ^ "" 

Sikes { Wirt). Rambles and Studies in Old South Wales. W'nh 

numerous Illustrations. Demy Gvo, iS;. 
Silent Hour {The). See "Gentle Life Series." 
Silver Sockets {The); aiui other Shadows of Redemption. 

Eighteen Sermons preached in Christ Church, Ilampslead, by (he 

Hev. C. H. Waller. Small post Svo, clolh, ts. 
Sinners and Saints: a Tour across Ihe United States of 

America, and Hound them. By Phil Robi.nson. [la the J'ras. 

Sir Ro^er de Coverley. Re-imprinted horn the "Spectator." 

With ISS Woodcuts, and steel Frontispiece specially designed and 

ensravcd for the Work. Small tap, 410, 6r. 
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\Smii/i (G.) Assyrian Explorations and Discmieries. By the late 
Gkobge Smith. Illustratefi hy Photographs and Woodcuts. Demy 
Svo, 6(h EdllLon, iS;. 

— Tin Chaldean Account of Genesis. By the late G. 
StiiTii, oftlie Depariment of Oriental Antiquities, Uritish Museum. 
With many llluBlmtionj. Demy Svo, clolh extiu, 6th Edition, lEij. 
An entirely New Edilion, completely revised and re-writleo by ihc 
Rev, Professor Savce, Queen's Colieee, Oxford. Demy Svo, iSi, 

Smith {y. Moyr). See "Ancient Greek Female Costume." 
■m-Shoes and Canoes ; or, the Adventures of a Fur-Ifunter 
in the Hudson's IJay Terrilory. By W, H. G. Kingston, and 
Edition. With numerous Illustrations. Square crown Svo, clotb 
extra, gilE edges, "ji. 6J, ; plainer binding 5/. 

i South African Campaign, 1879 (,T/ie). Compiled by J. P. 
MaCkinnom (foraieily 72nd Highlanders), and S, H. Smahbolt; 
and dedicated, by permission, to Field-Marshal II. R.H. The Duke 
of Cambridge. Containing a portrait and biography of every officer 
killed in the campaign. 4to, handsomely bound in cloth extra, xl. lot. 

I South Kensington Museum. Vol. II,, au. 

I Stack {E.) Six Months i/i Persia. 2 vols., crown Svo, 24^. 

I Stanley {H. M.) Hmv I Found Livingstone. Qiovm Svo, doth 
extra, IS. dd. ; large Taper Edition, inr. 6i/. 

"My Kalulu" Prince, King, and Slave. A Story 

from Central Africa. Crown Svo, about 430 pp., with numerous gnipluc 
Illustrations, aAer Original Designs bj the Author. Cloth, "js. 6ei. 

Coomassie and Magdala. A Story of Two British 

Campaigns in Africa. Demy Svo, with Maps and Illuslradons, tbt. 
the Dark Continent. Cheaper Edition, 



State Trials. See " Narratives." 

Stenhouse {Mrs.) An Englishwoman in Utah. Crown Svo, as, Qd, 

Stoker {Bram) Under the Sunset. Crown Svo, Os. 

Story without an End. From the German of Carov^ by the late 
Mrs. Sakah T. Austin. Ciown 4I0, with 15 Exquisite Drawings 
by E. V. B., printed in Colours in Fac-simile of ihe original Water 
Colours ; and numerous other Illustrations. New Edition, "Ji. 6J. 

square 4to, with Illustrations by Harvev. xs. 6d. 

Stowt {Mrs. Betclur) Drcd. Cheap Edition, boards, af. Cloth, 




List of Publications. 



Sl07i'e{Afrs Beecher) Footsteps of the Master. With Illustrations 
and red botders. Small past Svo, doth extra, 6i. 

Geography, with 60 Illustrations, Square doth, 41, td. 

■ — - — Zi/t/e Foxes. Cheap Edition, is.; Library Edition, 

4r. &/. 

Betty's Bright Idea, \s. 

My Wife and I ; or, Harry Hendersotis History, 

Small post Svo, clolh extra, 6i.* 

' Minister's Wooing. 51,; Copyright Series, \s. di.; d., 21.* 

Old Town Folk. 6j.; Cheap Edition, 2s. 6d. 

Old ToTvn Fireside Stories. Cloth extra, 3^. f>d. 

Our Folks at Poganuc. 6s. 

PVe and our Neighbours, i vol., small post Svo, 61, 

Srquel to "My Wire and !."• 
■ Pink and White Tyranny. Small post Svo, 3J. 64, 

CJheap Edition, is. 6d. and 21, 

Queer Little People. \s. ; doth, as. 

Chimney Comer, is. ; cloth, is. 6d. 

T/ie Pearl of Orr's Island. Crown Svo, <,s.* 

Woman in Sacred History. Illustrated with 1 5 

Chromo-litliographF, and about 200 pages of letterpress. Demy 
4to, cloth eilra, gilt edges, 251, 

Student's French Examiner. By F. Julien, Author of " Petites 

Lemons de Conversation et de Grammaire." Square cr. Svo, cloth, is. 

Studies in the Theory of Descent. By Dr. Aug. Weismann, 
Professor in the University of Frcibnrg. Translated and edited by 
KaphablMkldola, F.C.S., Secretary of the Entomologionl Society 
of Lanilua. ■ Part I.—" On the Seasonal Dimorphism of Butterflies," 
containing Original Communications by Mr. W. H. EnvARDS, of 
Coalbui^h. With two Coloured Plates. Price of Part. I, {to Sub- 
Bcribcrsfor the whole work only), &. j Part II. (6 coloured plates), i6j. ; 
Part III,, &r. Complete, a vols., 40?. 

SurgeotCs Handbook on the Treatment of Wounded in War. By 
Dr. FRiEORfcir Esmarch, Surgeon-Genera! to the Prussian Army. 
Nnraeraus Coloured Plates and Illiuilralioni, Bvo, strongly bound, 

ii.ii. 

•^wa/HRowLtbian-. 
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Sampson Low, Manton, &• Co.'s 



SylvaH Spring. By Francis George Heath. Illustrated by 

la Coloured Plales, drawn by F. E. Hulme, F.L,S., Arlis 
Authorof "Familiar Wild Flowera;" by i6 foll-p^e, and mort 
100 Qtlier Wood Engravings, Large poit 8to, cloth, gilt edges, i; 

n^AHITI. By Lady Bhassev, Author of the " Voyage of 
-* the Sunbeam." With 31 Autotype Illustrations after Photos, by 

Colonel SlUART-WoRTLEV. Fcap. 4to, very tastefully bound, 3" 
Taine {H. A.) "Zes Orij^iies de la France Coniemporai 
TnitisliieJ by John Durand, 

Vol. I. TIiO Anciant Eogims. Demy 8vo, cloth, l6r. 
Vol. Z. The Fronoh Eovolutlon. Vol. I . do. 
VoL 3. Do. do. Vol. 2. do. 
lauchnitz's English Ediliotts of Germin Authors. Each 
voliune, cloth flexible, is. ; or sewed, ij, &/■ (Catalogues post free 
on application.) 
(5.) Gerinin and English Dictionary. Cloth, \s. 6J. 

French and English Dictionary. Paper, is. 6J. 

cloth, 21.; roan, 21. W. 
Italian and English DliUonary. Paper, u. 6^.; cloth, 

Spanish and English. Paper, is. 6d. ; cloth, 3j. ; roai^ 

2t.ed. 
Taylor ( W. M.) Paul tin Missionary. Crown Svo, ^s. 6J. 
77iaming {Prof.) Preparation of Mali and the Fabrication 

Beer. Svo, 45r. 

Tliomas a Kempis. See " Birthday Book." 

Thompson {Emma) Wit and IVisdom of Don Quixote. Fcap. 
Svu, JJ-. &/. 

TItoreau. By Sanborn. (American Men of Letters.) Crown 
Svo, IS. 6d. 

Through America ; or. Nine Months in the United States. By 
W. G. Marshall, M.A. With nearly 100 Woodcuts of Views rf 
Utah coantry and the famous Vosemite Valley ; The Giant Treei, 
New York, Niagara, San Francisco, &c. ; containing a full account , 
of Mormon Life, as noted by the Author during his vUils to Salt Laka 
City in iS;S and 1879. Demy Svo, 2U. ; cheap edition, crown 8v(^. 

Through the Dark Continent; The Sources of the Nile; Arouni: 
the Great Lakes, and down the Congo. By H. M. StanleW 
Cheap Edition, crown Svo, with some of the Illustrations and Mapt|. 



TJirough Siberia. Bythe Rev. Henry Lansdell. Illustrated 
with aliout 30 Engravings, 2 Route Maps, and Photograph of the 
Author, in Fish-skin Cosliime of the Gilyaks on the Lower Amur. 
2 vols., demy Svo, 30$. Cheaper Edition, I vol., 151. 
Taur of the Prince of Wales in India. See Russell, 
Trees and Ferns. By F. G. Heath, Crown Svo, cloth, gilt 
edges, with numerous Illustrations, 31. €d. 

"A charming liltlc volume. "—Z^OH^ no,/ l^altr. 

Tristram \_Rn>. Canon) Pathways of Palestine : A Descriptive 
Tour through the H0I7 Land. First Series. Illustrated by 44 Per- 
manent Photographs. 2 vols., folio, cloth extra, gilt edges, 31J. hd. 

Turner {Edward") Studies in Russian Literature. (The Author 
is English Tutor in the University of St. Petersburgh. ) Crown Svo, 

Two Supercargoes {The) ; or, Adventures in Savage Africa. 
By W. H. G, Kingston. Numerous Full-page Illustraiions. Square 
imperial i6mo, cloth extra, gilt edges, is. (id. ; plainer binding, 51. 

TJNDER the Punkah. By Phil Robinson, Author of "In 
'^ my Indian Garden." Crown Svo, limp cloth, 51. 

F Paper. Edited by G. A. 
One Penny Weekly, Monthly M. 
vol. t,, iNcw aenes. 
The Opening Numbers will contain ;^ 

Serial SroKlE.'i, 
Straight : Jaok Archer's Way in tha World, By G. A. Hentv, 
flpig-Bott'sSchool Daya: ATaleofDr. Merriman's. ByCoTHBERr 

Bede. 
Sweet Flower; or, Heii Sklna and Pale Faces. Ey Percy B. 

St. John. 
Tlndor tie Metaor FlaR. By IIaehv Coi.LTNr.WOOD. 
Tha White TlKer. By LouiS Boussf.NAKD. Illustrated. 
A Couple of Scampa. I!y Bernakd Heldmasn. 
Also a Serial Slory by R. Mountnev Jephson. 
Vols. II. and III., 4to, is. dd. ; gilt edges, %s. 



7/INCENT (P.) Norsk, Lapp, ami Finn. By Frank 
f^ Vincent, Jun., Author of "The Land of the While Elephant." 
"Through and Through the Tropics," &c. Svo, cloth, with Frontis- 
piece and Map, izi. 
Vivian (A. P.) Wanderings in the Western Land. 3rd Edition, 



Twenty Tlious:iiul Lpn^iiiH 

nnder tlia Sea. Fart 1. 

Ditto Part II. 

Hector Scrvadao . . . 

The Far Oonntry . . . 

Prom the Karth to the 
Moon and B Trip round 

Uichnol Strogoff, ' the 
Courier of the Cair . . 

Diok Sands, the Boy 
Csptaia 

Fivo Weeks in a. Balloon . 

Adventurea of Three En- 
glishmen and Three 

Anmnd the Worid in 
Eighty Days .... 

A Floating City .... 

The Blockade Rnnnera . 

Dr. Oi'h Eiperimcut . ■ 

Hast«r Zaoharioa . , . 

A Drama in the Air . . 

A Winter atuid the Ice . 

The Burrivors of the 
"Chancellor". . . . 

Martin Pa 

Tns MisTEBlous Island, 



Vol. I. Dropped from the 

GloDds 

Vol. II. Abandoned . . 
Vol. III. Secret of the la- 



Tho Child of the Cavern ._ 
The Begum's Fortune . . 
The Tribulationa of a 

Chinaman 

Tni Steam U ouBE.SvolB.i- 
Vol.I.DemonofCawupore 
Vol. II. Tigers and Traitors 
The Giant RArT,3vols.; — 
Vol. L Eight Hundred 

Leagues on the Amn/.oa. 
Vol, U. The Cryptogram 
Godfrey Morgan .... 
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U/AITAJiUl^A .- A Sloty of Niw Zealand Life. By 
*^' Alexander Bathgate, Author of "Colonial Experiences," 

Crown 8vo, cloth, 51. 
Waller {Jiev. C. H.) The Names on the Gales cf fearl, 

and other Studies. By tlie Rev. C U. Wali.eh, M.A. Kew 

Edition. Crown 8vo, cloth extra, 31. 6J. 
A Grammar and Analytical Vocabulary of the SVords in 

the Greek Teiitanieiit. Compiled from Briiiler's Concordance. For 

llie use of IJivinily Sludcnls and Greek Testament Clas.-ics. Gy tlie 

Kev. C. H. Waller, ^^.A. Part I. Tlie Grammar. Small post 8vo, 

cloth, 21. bd. Part II. The Vocabulary, zi. Sd. 
Adoption and the Covenant. Some Tlioughts on 

Confirmatioru Super-royal l6mo, cloth limp, it. dd, 

See also " Silver Sockets," 

Wanderings Souih by East ; a Descriptive Record of Four Yean 

of Travel in the less known Countries and Islands of the Southern 

and Eastern Hemispheres. By Walteb. Coote. 8vo, with very 

numerous Illustrations and a Map, HM. 
Wamtr (C. D.) Back-log Studies. Boards, js. 6d. ; cloth, 2s. 

Mummies and Moslems. Svo, cloth, 1 2s: 

Washington Irving's Little Britain. Square crown Svo, 6^. 
Weaving. See " History and Principles." 
Webster. (American Men of Letters.) iSmo, 21. 6d. 
Weisimtnn (_A.) Studies in the Theory of Descent, z vols., Svo, 

4ar. 
WAere to Find Ferns. By F. G. Heath, Author of " The 

Fern World," Slc. ; with b Special Chapter on the Ferns round 

London; LbtsofFem Stations, and Descriptions of Ferns and Fern 

llaliitats throughout the British Isles. Crown Svo, cloth, price 31. 
White {Rheda E.) From Infancy to Womanhood. A Book of 

Instniction fur Young Mothers. Crown Svo, cloth, loi. dd. 
While (R. G.) England Without and Within. New Edition, 






:. 6d. 



Whittier (/. G.) The King's Missive, and later Poems. i8mo, 
choice parchment cover, 31. 6d. This book contains all the Poems 
written by Mr. Whittier since the publication of " Hazel Blossoms." 

The Whittier Birthday Book. Extracts from the 

Author's writings, with Portrait and numerous Illustrations. Uniform 
with the "Emerson Birthday Book." Square i6mo, very chuic« 
binding. 3.'. bd. 
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'-\> T isi of Public^z^ifz:.. 



< . . -^ v"o\'*urcd Plates. 4.::.. 

* .' V >' .. SvO, 2 1 J. 

* ^ - -'^' P'^ysstona/j^s.zrzs:/.'^. 
V. . - -.■■*. C-* V,:.; ion, revised wiib P:ira:? 

>v V V >^ *. '•cr.*. >*\\ cloth limp, I J. 

, * , ^ ^v j.^-TVjii/fy. With ei^h: 
>^ >* .. - ■* 

- .—♦ ^' .- -.:v-. By W. H. G. 

- * ■'^ >^ -o**-^ s^-iire crown 8vo, cloih 

. X • -r ; V S**u^y of Inter- 
^ . - -. .:.•' v*=^- io Historical 



v v.'SJSTiu Author of 

"^ . - ^wsJirrfATt," &c. ds. 



.: ./ rG.-^d. Willi 

:. .kLKSTrrH, Portr:-:. 
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LONDON : 

fftlNTIt) BT GILBERT AND BIYINGTON, LIMITED, 

ST. J0HN*8 SqUABS. 



33 Sampson Loiv, Afarston, &• Co.'s List of Puhlicatiom. 
Wild Flowers of Switserlani. 17 Coloured Plates. 410. 
Williams {H. W .) Diseasfs of the Eye. 8vo, 21J. 

Wills, A Few Hints o>t Proving, withouf Professional Assistance. 
ISy H Probate Court Official. Jlh Eiiiiion, revised with Fotms 
of Wills, Residuary Accounts, &c. Fcap. Eva, cloth limp, I/. 



With Axe and Rifit on the Wtsttrn Prairies. By W. H. G. 

Kingston. With numerous Illustrations, square ciown Sto, duth 
extra, gilt edges, "js. 6d. ; plainer binding, 51. 

Woolsey (C. B., LL.D.) Introduction to the Study of Inter- 

national Law ; designed as an Aid in Teaching and in Historical 
Studies. 5th Edition, demy 8vo, 18/. 

Wreck of the Grosvenor. By W. Clark Russell, Author of 
"John Holdsworth, Chief Mate," "A Sailor's Sweetheart," Sic 6r. 
Third and Cheaper Edition. 

Wright {the late Pev. Henry) The Friendship of God. Willi 
Biographical Preface by the Rev. E. II, BicKEKsTETtl, Portrait, 
&c Crown 8/0, 6j. 



-yP/APTE (Cluirles) Florence.- its History, Translated liy 
■* C. B, Pitman. Illustrated with 500 Engravinps. Lai^ imperial 

4la, extra binding, gilt edges, 6y. 
Illslory ; the Medici ; the Humanists ; Idlers ; arts ; the Renaissance ; 

illustrious FIorenLlnes; Etruscan art; monuments; sculpture; paiotin^. 



SAMPSON LOW, MARSTON, SEARLE, & RIVINGTON, 
CROWN BUILDINGS, iBB, FLEET STREET, E.C 
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